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ercutaneous Venovenous Perfusion-Induced
ystemic Hyperthermia for Lung Cancer: A Phase I
afety Study
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Background. Veno-venous perfusion-induced systemic
yperthermia (VV-PISH) homogeneously raises core
ody temperature potentially improving outcomes from
etastatic lung cancer.
Methods. Patients (n � 10) with stage IV lung cancer,

eceived VV-PISH (> 42°C to < 42.5°C) for 120 minutes.
eneral anesthesia, spontaneous ventilation, and hepa-

inization allowed for percutaneous central venous ac-
ess. The ThermoChem HT system provided extracorpo-
eal blood flow (1000 to 1340 mL/min), used a calculated
verage core temperature for feedback control of blood
eating, and included a charcoal-based sorbent for elec-

rolyte homeostasis.
Results. The first three patients helped in refining the

echnique and reflect an evolutionary process, therefore
heir data are not included as part of the VV-PISH cohort.
enovenous perfusion-induced systemic hyperthermia
n � 7) had a preoperative weight loss of 4.4 � 2.8 Kg, and
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Karnofsky score of > 70. Time to target temperature
as 47 � 2 minutes, as electrolytes remained normal,
ithout patient or circuit complications. Extubation oc-

urred between 6 and 18 hours. Hospital stay was 4.6 �
.1 days; median length-of-survival after hyperthermia
as 271 days. For concurrent controls (n � 16, stage IV

ung cancer), median length-of-survival from time of
iagnosis to death was 96 days, but for the VV-PISH
atients it was significantly longer at 450 days (p < 0.05).
ll patients returned to pretreatment status following

reatment and died from progression of lung cancer.
Conclusions. Venovenous perfusion-induced systemic

yperthermia is safe, technically feasible, and achieves
arget temperature. Survival may be enhanced in stage IV
ung cancer.

(Ann Thorac Surg 2004;77:1916–25)

© 2004 by The Society of Thoracic Surgeons
on-small cell lung carcinoma (NSCLC) remains the
leading cause of cancer death in both men and

omen in the United States [1]. The majority of patients
ith NSCLC present with advanced regional (stage III) or
etastatic disease (stage IV). Survival without treatment

or stage IV is 6 months; with current treatment options
ncluding radiation therapy, chemotherapy, and surgery
or palliation, average survival is extended to only 9 to 12

onths [2].
All known mammalian cells and tissues are thermo-

ensitive, as manifested by protein denaturation and
issue destruction at critically elevated temperatures [3].
eoplastic tissues are vulnerable to destruction by heat

t 41°C to 43°C, a temperature tolerated by normal cells
4–7]. Exogenously induced heat (hyperthermia) has at-
ained a measure of success in the treatment of localized
umors [8, 9]. Systemic or whole-body hyperthermia
WBHT) is currently under investigation as a treatment

ccepted for publication Oct 30, 2003.

resented at the Forty-ninth Annual Meeting of the Southern Thoracic
urgical Association, Miami Beach, FL, Nov 7–9, 2002.

ddress reprint requests to Dr Zwischenberger, Division of Cardiotho-
acic Surgery, Department of Surgery, The University of Texas Medical
ranch, 301 University Boulevard, Galveston, TX 77551-0528; e-mail:
or patients with metastatic cancer [10, 11]. Whole-body
yperthermia for metastatic disease is controversial [12]
ecause of the difficulty in administering and monitoring

he thermal dose and an incomplete knowledge of ther-
al pathophysiology [13]. Previous techniques of WBHT

ave demonstrated substantial morbidity and mortality
approximately 12%), especially in debilitated elderly
ancer patients [14, 15].

We have developed an extracorporeal method of
BHT, venovenous perfusion-induced systemic hyper-

hermia (VV-PISH) with multipoint temperature moni-
oring, in which the core body temperature is raised to
2.0°C to 42.5°C for 2 hours [11, 16, 17]. VV-PISH delivers
predictable thermal dose that exceeds published data

rom all other methods [18].
In our initial report of this clinical experience, five

atients with advanced (stage IV) non-small cell lung
arcinoma (average 4.4 � 1 months after initial diagnosis)
eceived VV-PISH to assess technical issues and patient
isks [19]. Results of the first three patients revealed
emodynamic instability, large fluid shifts, and inotropic
equirements; all required prolonged intubation. For the
ext two patients, we altered the anesthesia technique,
hanged venous cannulation sites, reduced the target

emperature to 42°C, and selected patients with Karnof-

0003-4975/04/$30.00
doi:10.1016/j.athoracsur.2003.10.111
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ky 70 or greater. The knowledge gained from the first
hree patients allowed for standardization in the next
even patients (#4–#10), who comprise our data set for
his report.

The purpose of this investigator initiated, phase I
linical trial was to evaluate the feasibility as well as
mmediate technical and patient-related risks of VV-
ISH at 42.0°C to 42.5°C core temperature for 120 min-
tes in patients with stage IV NSCLC. All patients
chieved the target core temperature for 2 hours with no
0-day mortality. For the seven study patients, the mean
urvival post diagnosis for VV-PISH was 504 � 91 days
nd the median survival 450 days. Sixteen patients, who
et all entry criteria but declined VV-PISH or had

xclusion criteria, served as concurrent controls with a
ean survival of 171 � 194 days and median survival of

6 days.

aterial and Methods

xperimental Design
he Institutional Review Board of The University of
exas Medical Branch, as well as the U.S. Food and Drug
dministration, approved this study for 10 patients with
istologic or cytologic documentation of stage IV (meta-
tatic) NSCLC (squamous cell, adenocarcinoma, or large
ell carcinoma) for a phase I study. Both agencies were
otified of and approved the protocol changes that re-
ulted from the first three patients. Patients were re-
iewed by The University of Texas Medical Branch mul-
iple disciplinary lung cancer working group consisting
f attending faculty from Thoracic Surgery, Medical
ncology, Radiation Oncology, Pulmonary Medicine,
adiology, Pathology, and Medical Ethics. For informed
onsent of the VV-PISH protocol, the principal investi-
ator (JBZ), a disinterested physician, and a nurse coor-
inator (JMC) explained standard and alternate treat-
ent modalities independently. Additionally, all patients

eceived a neuropsychological evaluation before
V-PISH.
Both cognitive and psychosocial functioning were as-

essed to determine if the patient had neuro or cognitive
hanges due to the hyperthermia procedure and to
nsure variations were within normal expectations for
his population. The psychological assessment was ad-

inistered individually to the patient over a 3-hour
eriod. Neuropsychological assessment was collected
ne day before the hyperthermia treatment and again at
ne-month posthyperthermia procedure. The informa-
ion gained from the neuropsychological evaluation was
sed to determine if any additional or extraordinary
sychosocial and cognitive changes occurred in patients.
The following instruments were used together to de-

ermine if a neuropsychological change occurred: Demo-
raphic Data Form (10 minutes); Beck Depression Inven-
ory II (5 minutes); Wechsler Adult Intelligence
ocabulary Scale (WAISIII) including Block Design, Sim-

larities, Digit Span, and Digit Symbol (60 minutes); the

uropean Oncology Research Treatment Center (EORTC b
0 minutes); Controlled Oral Word Association Test (5
inutes); Luria Motor Tasks (5 minutes); Wechsler Mem-

ry Scale (WMS III) Logical Memory & Visual Reproduc-
ion (10 minutes); Grooved Pegboard (10 minutes); Trails
&B (5 minutes); and the Token Test (10 minutes).
From October 1997 to November 2001, 89 patients with

tage IV non-small cell lung cancer were screened for the
V-PISH phase 1 trial. Of this group, thirty-one patients

atisfied both inclusion and exclusion criteria. Ten pa-
ients gave informed consent and received VV-PISH.
ixteen patients who met inclusion criteria either de-
lined VV-PISH (the patient did not want to participate in
yperthermia) or elected conventional medical therapy

the patient specifically chose this therapy over hyper-
hermia) and served as the concurrent control group. The
emainder (n � 5) failed to meet inclusion or exclusion
riteria because of progression of disease before entry
nto the trial or refused(failed) follow-up. All patients
ho received VV-PISH underwent one hyperthermia

reatment in the UTMB General Clinical Research Center
GCRC) induced by the ThermoChem System (ViaCirQ
orp., Pittsburgh, PA). Venovenous perfusion-induced

ystemic hyperthermia elevated average core tempera-
ure to 42° to 42.5°C and maintained this temperature for
20 minutes followed by cooling to return the patient’s
emperature to normal. All patients were followed in
linic weekly for 30 days, then monthly until death. For
his report, the first three VV-PISH patients were deleted
as our learning curve) then all remaining patients were
ivided into two groups: the first group consisted of
even sequential VV-PISH patients and were the focus
roup of this report as the VV-PISH cohort, the second
roup was the matched concurrent controls (n � 16).

atient Selection
NCLUSION CRITERIA. Inclusion criteria were: (1) stage IV

SCLC after conventional therapy failed or refused; (2)
ne focus of measurable disease (in two dimensions); (3)
arnofsky score � 70 and performance status 0 to 2; and

4) informed consent.

XCLUSION CRITERIA. Exclusion criteria included: (1) conges-
ive heart failure, coronary disease, cardiomyopathy, se-
ere chronic obstructive pulmonary disease; (2) brain
etastasis; (3) within 3 weeks of surgery or 30 days of

hemotherapy and radiation; (4) white blood count less
han 4000 � �L�1, platelet count less than 75,000/�L�1,
reatinine clearance less than 60 mL � min�1, serum
ilirubin and serum glutamic oxaloacetic transaminase

SGOT) more than 2 times normal; (5) concurrent hor-
onal, biological, and radiation therapy; and (6) preg-

ant or nursing women.

reatment
RETREATMENT PREPARATION. Patients were pretreated with
ntravenous glycopyrrolate (0.2 mg). General anesthesia
as induced using thiopental (3 to 5 mg � kg�1 IV) and

ncremental fentanyl (500 to 1000 �g/dose). Succinylcho-
ine (1 to 1.5 mg � kg�1 IV) facilitated endotracheal intu-

ation. Anesthesia was maintained with isoflurane (0.5%
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o 1.0% inspired) in nitrous oxide-oxygen and mechanical
entilation was utilized briefly until the patient estab-
ished a spontaneous breathing pattern. Arterial access
llowed continuous pressure monitoring and blood sam-
ling. A urinary bladder catheter with a temperature
robe was inserted. A pulmonary artery thermodilution
atheter measured continuous mixed venous oxygen
aturation (SvO2) (Opticath, Abbott Labs, Mountain
iew, CA). Cefazolin (1 gm), heparin, and solumedrol

100 mg IV) were given.
Immediately before VV-PISH, isoflurane was discon-

inued and the patient placed on assisted ventilation
Puritan-Bennett 7200). The FiO2 maintained PaO2 85 to
10 mm Hg. Infusions of thiopental (3 mg � min�1),
entanyl (5 to 10 �g � kg�1 � h�1), and lorazepam 1 mg/
ose (max 6 mg) were titrated to achieve a respiratory
ate of 14 to 20 breaths � min�1. Volume administration
as limited to albumin (5%) solution and packed red
lood cell transfusion to maintain central venous pres-
ure (CVP), pulmonary artery diastolic (PAD), and pul-
onary capillary wedge pressure (PCWP) within normal

imits. Transesophageal echocardiograph (TEE) was used
ntraoperatively for evaluation of cardiac function and
etection of regional wall motion abnormalities. Norepi-
ephrine infusion was titrated to maintain mean arterial
lood pressure within 30% of baseline.
Arterial blood samples were obtained every 30 min-

tes. Systemic heparin was infused before cannulation
10,000 to 20,000 U of beef lung heparin, Upjohn), and
,000 to 2,000 U were administered to titrate the activated
lotting time (ACT) above 300 seconds. For VV-PISH, a
5F perfusion cannula (15 Fr. Arterial, 96530—15, Biome-
icus, Eden Prairie, MN) was percutaneously inserted by
eldinger technique into the left common femoral vein
nd positioned in the distal inferior vena cava (IVC) for
rainage of blood. A 15-Fr. cannula was positioned in the
roximal IVC (immediately below the diaphragm) via the
ight common femoral vein for reinfusion of blood in all
atients. A sheet of aluminized Mylar was wrapped
round the patient to minimize radiant heat loss. All
ressure points on the skin were padded to avoid injury.
Temperature was monitored and recorded from the

istal esophagus, bilateral auditory canals, rectum, blad-
er, airway, pulmonary artery blood, and skin. Core body

emperature was defined as the mean value of the tem-
eratures measured from the esophagus, right and left
uditory canals, rectum, pulmonary artery blood, and
ladder.

V-PISH. The hyperthermia extracorporeal circuit consist-
ng of the ThermoChem system (ViaCirQ Corp., Pitts-
urgh, PA) was connected to the cannulas. Blood was
ithdrawn, heated, then pumped back into the proximal

VC at blood flows up to 1500 mL � min�1 (20
L � kg�1 � min�1) (Fig 1). During the initial heat-

nduction phase, the maximum water bath temperature
id not exceed 52°C and maximum blood temperature
id not exceed 48°C. The ThermoChem system machine
ontains a heat exchanger and a cellulose plate dialyzer

ith membranes that expand and contract (in response p
o dialysate pressure changes) to propel blood through
he dialyzer [20]. The heat exchanger was regulated by a
omputer program feedback loop based on the five
easured temperatures, which determined core body

emperature. The dialysate side contained a 2 L suspen-
ion of powdered sorbents (charcoal and cation ex-
hanger): (1) 200 gm of cation exchanger preloaded with
odium, calcium, potassium, hydrogen, and magnesium
maintains equilibrium with normal blood concentra-
ions); (2) 140 gm of powdered activated charcoal with 80

mol/L of calcium phosphate precipitated on the surface
o dissociate when the surrounding solubility product
as lower than normal; (3) sodium bicarbonate and

odium chloride in physiologic concentrations; (4) flow-
nducing agents; and (5) glucose absorbed to the pow-
ered charcoal (maintained normal or slightly elevated
lood glucose). Additional calcium chloride was infused

nto the venous return line of the ThermoChem system to
aintain normal blood-calcium concentration. A norepi-

ephrine infusion was utilized to control the peripheral
asodilatation seen upon initiation of VV-PISH; and fluid
dministration was titrated to maintain a target systolic
lood pressure of more than 100 mm Hg. When the target
ore body temperature of 42°C was achieved, the water
emperature was reset to 30°C until the average body
emperature was below 37°C. Venovenous perfusion-
nduced systemic hyperthermia was terminated; sys-
emic heparin reversed with protamine sulfate (1:1); then
he venous access catheters were removed.

OLLOW-UP. At completion of VV-PISH, the patient re-
eived intermittent propofol infusion for sedation. Diure-
is was initiated with Lasix (40 mg IV q 8 to 12 hours) and
annitol (50 gm). All patients recovered in an intensive

are unit (ICU) setting, monitored by radial arterial
atheter, Foley catheter, and pulmonary artery catheter.
he patients remained in the ICU for at least 24 hours
ntil they were extubated and responsive. Patients were
ischarged from the ICU after they were alert enough to

ig 1. Schematic diagram of the venovenous perfusion-induced sys-
emic hyperthermia circuit.
rotect their airway. They were discharged from the floor
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hen they were tolerating solid food and all intravenous
ccess had been removed. All patients were returned to
he care of an attending oncologist who managed the
atient with best therapy for the duration of their illness.
All patients were followed in clinic weekly for 30 days

hen monthly. A follow-up computed tomographic scan
as performed at three to six months to reevaluate tumor

ize. Patients in both the VV-PISH group and the control
roup were followed until death.

tatistics
alues are expressed as mean � standard error of the
ean. Significance was determined when p was less than

.05 in all comparisons. Between group comparison was
ccomplished with Student’s t test; comparison before
nd after hyperthermia treatment was done with a paired
test; and analysis of variance (ANOVA) was used for

epeated measures.

esults

emographics
rom October of 1997 to November of 2001, 89 patients

able 1. Pretreatment Demographics

atient
umber M/F

Age
(Yrs)

% Wt
Change

Karnofsky
Score

Functional
Class Diag

V-PISH
M 56 6 70 1 Aden

M 61 0 90 0 Aden
M 61 35 80 1 Squa

M 67 0 100 1 Squa
M 63 0 90 0 Squa
M 64 0 80 1 Squa

0 M 51 22 90 1 Aden
ve: 4–10 60 � 5 9 � 14 85.7 � 3
ontrol

M 57 25 80 1 Aden
M 63 12 90 0 Aden
M 51 15 80 1 Aden
M 57 17 90 0 Aden
F 63 10 90 0 Aden
M 63 0 80 1 Squa
F 54 2 90 0 Squa
M 76 9 70 1 Squa
M 49 4 90 0 Aden

0 M 63 18 70 2 Aden
1 M 52 0 100 1 Squa
2 M 49 0 100 1 Aden
3 M 65 10 80 1 Squa
4 F 50 — 80 1 Aden
5 F 57 6 80 1 Aden
6 M 60 — 80 1 Squa
ve 58 � 7 9 � 2 84.4 � 2

ollowing VV-PISH standardization patients (4–10) used for comparison
ith stage IV NSCLC were screened for inclusion in this a
V-PISH trial. Thirty-seven patients met inclusion crite-
ia, and 51 did not. Of these 51 patients, reasons for not
eeting inclusion criteria included; additional informa-

ion was needed that was not available (n � 14), declined
yperthermia (n � 12), lung disease (other than lung
ancer, n � 7), metastasis to the brain (n � 6), acquired
eart disease (n � 3), no site of measurable disease (n �
), small-cell component of primary disease (n � 2), died
efore entry (n � 1), and multifactorial reasons (n � 3).
f the 37 patients that met inclusion criteria, three were

xcluded due to subsequent pathology findings of a
mall-cell component, and three were determined to
ave brain metastasis on further evaluation. The remain-

ng 31 patients all met inclusion criteria and had no
xclusion criteria. Ten patients consented to receive VV-
ISH and 21 served as a group of concurrent controls

nonrandom) of which 5 were lost to follow up. Demo-
raphics of these two study groups, VV-PISH (n � 7) and
ontrol (n � 16) are included in Table 1.

In the group exposed to VV-PISH the first three pa-
ients helped refine our technique and reflected a learn-
ng curve where none were treated in the same manner.
fter patient #1, we refined fluid management and our

s Stage IV
Previous Disease

Treatments Comorbidities

Bone
marrow

RT, taxol/carboplatin,
platinum/etoposide

Hypertension,
peptic ulcer

Liver None None
s Spine None Hypertension, hip

replaced
s Bone RT Hypertension, PVD
s Lung Surgery, taxol/carboplatin Hypertension
s Liver, lung Surgery, taxol/carboplatin None

Adrenal RT, taxol/carboplatin X3 None

Adrenal RT SVC syndrome
Spine RT � 10 Hypertension
Lung None PVD
Adrenal None Hypertension
Lung RT � 8 None

s Lung RT � 15 DOE
s Lung Taxol/carboplatin Hypertension
s Kidney RT � 20 S/p AVR

Bone RT � 7 Hypertension
Spine RT Hypertension

s Adrenal Carbo/Taxol None
Bone RT None

s Adrenal None SOB, Fatigue
Lung None SOB
Adrenal RT None

s Adrenal Carbo/Taxol Fatigue

concurrent controls.
nosi

o

o
mou

mou
mou
mou
o

o
o
o
o
o
mou
mou
mou
o
o
mou
o
mou
o
o
mou

with
nesthesia protocol; after patient #2, the infusion cannula
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osition was changed from external jugular to the con-
ralateral femoral vein; and, after patient #3, the target
emperature was reduced from 42.5° to 42°C. Addition-
lly, we elevated the minimum Karnofsky score from 60
o 70. In aggregate, these three patients (2 males and 1
emale) had a weight loss of 19.3 � 5.6 Kg, Karnofsky
core of 60 to 70/100, age of 53.7 � 5.8 years, all were stage
V (spleen, adrenals, adrenals), 2 had failed conventional

edical treatment and 2 had no known comorbidities. All
eveloped severe systemic vasodilation requiring nor-
pinephrine, fluid resuscitation, vigorous diuresis, and
ore than 24 hours of intubation for pulmonary edema

nd somnolence. Hospital stay was 7.3 � 1.3 days and
edian length-of-survival was 57.5 days. Because of the

volving technique, these three patients are not included
n the VV-PISH group.

Following standardization of the VV-PISH protocol,
he study cohort (#4–#10) had a weight loss of 4.4 � 2.8 kg
nd a Karnofsky score of more than 70/100. Extubation
ccurred between 6 and 18 hours, hospital stay was 4.6 �
.1 days, and median length-of-survival was 271 days.
ime to target temperature was 47 � 2 minutes, electro-

ytes remained normal, without patient or circuit compli-
ations. There were no significant differences between
he VV-PISH and control groups by cell type, sites of
emote metastasis, and the use of other disease related
reatments and comorbidities. Additionally, the percent-
ge change in weight, quality-of-life scores (Karnofsky
nd Functional Class), and patient age were not different
p � 0.05).

herapeutic Effects
EMPERATURE PROFILES. Figure 2 displays the time course for
he average core temperature for all seven patients in
V-PISH group 2. The average time to heat the patients

o the target core temperature was 49.9 � 4 minutes, and
he average amount of time to return the patients to a
ormal temperature (37°C) after 120 minutes at target

emperature was 40 � 4 minutes. Figure 3 displays the

ig 2. Time course to the target average (Ave) core temperature dur-
ng venovenous perfusion-induced systemic hyperthermia.
ime course of average temperature change by measured c
emperature per body site. There was a 120-minute
eriod where all measured temperatures were within the

herapeutic range. Figure 4 shows the dynamics of heat
xchange between the heat exchanger water bath, the
xtracorporeal circuit blood temperature, and the core
ody temperature required to produce the level of ho-
ogenous hyperthermia we observed in these patients.

EMODYNAMIC VARIABLES. Clinically and statistically signif-
cant (p � 0.05) changes occurred in both heart rate
HR)and cardiac output (CO) during VV-PISH (HR � 126

5 bpm; CO � 12.0 � 5 L/min) compared to pretreat-
ent levels (HR � 84 � 6 bpm; CO � 6 L/min) with both

eturning to normal values in the posttreatment interval
HR � 109 � 4 bpm; CO � 8 � 2 L/min). Both the CVP
nd capillary wedge pressure show clinically notable but
tatistically insignificant (p � 0.05) increases during treat-
ent (CVP � 7 � 1 to 14 � 1 Torr; PCWP � 11 � 1 to 17

ig 3. Time course of average temperature change by measured site
uring venovenous perfusion-induced systemic hyperthermia. (L �
eft; R � right).

ig 4. The dynamics of heat exchange between the heat exchanger
ater bath, the extracorporeal circuit blood temperature, and the
ore body temperature.
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2 Torr) that remained elevated 2 hours later. These are
he result of both anesthesia and perfusion management
uring VV-PISH. Experience from the first three patients

aught us that hyperthermia caused a relative period of
ypotension that could be successfully managed with
dequate volume resuscitation [19]. Urine output
ropped (ANOVA, p � 0.05) from 4.9 � 1 mL/min to 0.7
1.7 mL/min during hyperthermia and increased to 25.3
8 mL/min 2 hours later after implementation of diuret-

cs. The hematocrit showed a treatment related change
rom 33.3 � 2 to 30.3 � 1 to 27.2% � 3%.

OMPARISON OF SOLUTE VARIABLES. A comparison between
retreatment and posttreatment variables shows moder-
te but clinically insignificant changes for K�, glucose,
spartate aminotransferase, alanine aminotransferase,
actate dehydrogenase, and fibrin split products. Pro-
hrombin time and partial thromboplastin time were still
levated immediately following heparin reversal, but no
leeding complications were noted. The electrolyte
hanges still reflect values within normal limits and
onfirm normalization of electrolytes during the dialysis
ortion of VV-PISH.

oxicities and Complications
able 2 lists both intraoperative and posttreatment com-
lications and morbidities associated with VV-PISH. The
ost significant posttreatment morbidity was mental

onfusion or somnolence (6 of 7) that persisted for up to
8 hours following VV-PISH. All patients returned to
aseline before discharge from the hospital. Patient num-
er 6 developed superior vena cava (SVC) syndrome
uring the procedure presumably due to swelling of
etastatic nodes surrounding the SVC that caused re-

triction of venous return. The SVC syndrome resolved
ithin 48 hours following completion of VV-PISH. All
atients required critical care management in the inten-

able 2. Treatment-Related Problems VV-PISH

atient
umber

Intraoperative
Complications

Posttreat
Morbid

4 ECG, precordial ST
elevationa

Mild confusio

5 None Mild confusio
stage I dec
sacrum

6 SVC syndromeb Mild confusio
hip pain fr
hip replace

7 None Mild confusio
8 None Mild confusio

atrial fibrill
9 None 1° burn right

10 None Mild confusio
nausea and
(6–8 h)

TEE verified no cardiac dyskinesis. b Occurred during cooling phase

CG � electrocardiogram; SVC � superior vena cava; VV-PISH �
ive care unit for 2 to 3 days, were discharged with an t
verage length of stay of 4.6 � 1.1 days, and survived
onger than 30 days. In the five VV-PISH patients in
hom neuropsychic testing was completed before hyper-

hermia and at 30 days afterward, no central nervous
ystem abnormalities were detected [21].

utcomes
able 3 compares outcomes of VV-PISH to control with
espect to additional therapies. The VV-PISH group
urvived a significantly longer period of time after orig-
nal diagnosis with stage IV non-small cell lung cancer
VV-PISH, 504 � 102 days, vs the concurrent control
roup, 171 � 194 days,p � 0.05) (Fig 5). Median survival
as also remarkably different between the groups (VV-
ISH, 450 days, vs control, 96 days).

omment

his phase I clinical trial evaluated VV-PISH for safety
nd feasibility in patients with stage IV NSCLC. We
emonstrated that (1) VV-PISH is technically feasible, (2)

he targeted core temperature was achieved, and (3)
lectrolyte balance was maintained. All patients exhib-
ted systemic vasodilation and temporary somnolence,
et all patients experienced full recovery to pretreatment
ctivity. Standardization of the selection process (Karnof-
ky � 70), anesthesia management, perfusion technique,
nd target temperature (core temperature � 42.0°C) was
ecessary to achieve the most favorable risk/benefit
uring this limited trial.
The rationale for hyperthermia in cancer treatment is

redicated on a differential thermal response between
ormal and cancerous tissue. At the molecular level,
yperthermia has been shown to be a stimulus for
poptotic cell death in cancer cells [22]. Cellular effects
nclude damage caused by heat-induced lipid peroxida-

t Ventilator-Dependent
Time Hospitalization

h) 1 day 6 days

h),
s on

1 day 4 days

h),
ld
t

1 day 3 days

h) 18 hours 2 days
h), 1 day 3 days

12 hours 3 days
3 h),
iting

9 hours 2 days

iated by partial withdrawal of cannula.

ovenous perfusion-induced systemic hypothermia.
men
ities

n (48

n (48
ubitu

n (36
om o
men
n (24
n (24
ation
thigh
n (2–
vom

allev

ven
ion, reduced mitotic rate [23], destabilized cellular mem-
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ranes [24], and increase in tumor necrosis factor-� and
L-1� [25]. Within the tumor, hyperthermia causes de-
reased blood flow, an elevated rate of glycolysis, acido-
is, and oxygen utilization [26]. Heat also has a well-
nown stimulatory effect on the immune system, causing
oth increased production of interferon-� and increased

mmune surveillance [27].
Complications from hyperthermia are attributable to

oth the physiologic response to the elevated tempera-
ure and the technique of inducing elevated temperature.
ore temperatures greater than 41.8°C cause increased
ascular compliance [28], increased intrinsic heart rate
7.1 beats min�1 · Co�1) [29], decreased afterload [30], and
ncreased cardiac output [31]. Additionally, hypovolemia
esults from vasodilation and electrolyte concentrations
ecome altered, resulting in arrhythmias, further impair-

ng cardiac performance [30]. Using our VV-PISH tech-
ique, electrolyte concentrations were maintained within

able 3. Outcomes

atient
umber Additional Therapies

V-PISH
Taxol/carboplatin Platinum/

etoposide XRT, navelbine
Taxol/carboplatin � 6,

gemcitabine
RT, taxol/carboplatin
Taxol/carboplatin
RT, radio ablation
Taxotere, gemzar

0 RT, aredia
ve (4–10)
edian Patients 4–10

ontrol

RT M
RT � 10 R
none P

None C
RT � 8 D
RT � 15 C
Taxol/carboplatin M
RT � 20 D
RT � 7 C

0 RT E
1 Carbo/taxol D
2 RT C
3 None D
4 None R
5 RT C
6 Carbo/taxol C
ve
edian

Statistically significant difference (p � 0.05).

ollowing VV-PISH standardization, patients (4–10) used for comparison
ormal ranges throughout the treatment period, and no w
rrhythmias were seen. Our patients showed an imme-
iate increase in heart rate and cardiac output and
ecrease in afterload during hyperthermia as previously
oted [19]. Central venous pressure increased steadily

hroughout the treatment period; however, phenyleph-
ine, norepinephrine, and vigorous diuresis returned
hese values to normal in the early postoperative period.

Whole-body hyperthermia is also associated with a
onsumptive coagulopathy [32, 33]. However, Parks and
ssociates [15], when using perfusion-induced systemic
yperthermia with systemic anticoagulation, reported no
emolysis, clotting, or bleeding, although they experi-
nced a 32% drop in platelet count. No hemostatic
erangements were experienced from perfusion-induced
ystemic hyperthermia in the HemoCleanse human im-
unodeficiency virus clinical trials [34]. Alterations in

oagulation profiles with WBHT are probably the result
f hyperthermia combined with the primary disease state

rvival After VV-PISH
(Days)

Survival After Diagnosis
(Days)

270 450

271 331

262 322
139 199
294 901
277 857
278 469

255 � 18 504 � 102a

271 450

ason for Assignment to
Control Group

tatic diffuse disease 43
ent CVAs 107

rdial and pleural effusions
metastasis)

35

conventional therapy 34
ed VV-PISH 19
conventional therapy 56
cell type 424

ed VV-PISH 87
conventional therapy 744

ral nerve involvement 103
rior to treatment 40
conventional therapy 360
ed VV-PISH 180
d staging 273
conventional therapy 150
conventional therapy 89

171 � 194a

96

concurrent controls.
Su

Re

etas
ecurr
erica
(no

hose
eclin
hose
ixed
eclin
hose
pidu
ied p
hose
eclin
efuse
hose
hose

with
ithout the protection offered by heparin used in perfu-
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ion-induced systemic hyperthermia studies. In our stud-
es, thrombotic complications were avoided by systemic
eparin anticoagulation during VV-PISH, after which
ctivated clotting times approached normal following
eparin reversal with protamine. We also observed a 44%
ecrease in platelet count, but the resultant number was
till greater than 110,000/dL. Likewise, no bleeding com-
lications were noted throughout the study.
Our VV-PISH technique has three unique aspects in

elivering heat to the body. First, we use a venovenous
pproach, where heated blood is reinfused into the
enous circulation and mixed in the pulmonary circula-
ion, and then the heat is evenly distributed by the
ystemic circulation [17]. Our technique allows us to
eliver blood at 42.0°C in a more rapid and homogeneous
anner than other methods. Second, the rate of heat

nduction is of critical importance because the faster the
ate, the better the cancer cell kill [35]. Venovenous
erfusion-induced systemic hyperthermia requires only
0 � 4 minutes (Fig 2) to reach target temperature,
hereas other methods of WBHT may require up to 2.8
ours [15]. Third, VV-PISH allows for homogeneous
istribution of heat and precise control of temperature
radients. The heterogeneous temperature distribution
een with other techniques may explain the inconsistent
esults in previous clinical trials using hyperthermia for
he treatment of tumors. We have documented a redis-
ribution of blood flow favoring the thoracoabdominal
rgans resulting in homogeneous temperature elevation
18].

Our technique of VV-PISH involves multipoint tem-
erature monitoring and use of average body tempera-

ure for feedback control of heat induction [17]. Excessive
emperature elevations or excessive time at an elevated
emperature may damage nontarget tissue, whereas in-
ufficient temperature or thermal dose may have no

ig 5. Survival following original diagnosis (DX) with stage IV
SC lung cancer (VV-PISH�, 504 � 102 days versus control,

71 � 194 days, p � 0.05). Median survival was VV-PISH, 450
ays versus control, 96 days. (NSC � non-small cell; VV-PISH �
enovenous perfusion-induced systemic hyperthermia.)
herapeutic effect on the targeted cancer tissue. Veno- e
enous perfusion-induced systemic hyperthermia deliv-
rs a thermal dose that is both predictable and substan-
ial [17]. We previously measured intratumor
emperature directly (two patients with accessible tumor
urden, supraclavicular nodes) [19]. The measured ther-
al dose exceeded that received by the body. Veno-

enous perfusion-induced systemic hyperthermia incor-
orates a sorbent-based plate-membrane dialyzer
ystem [20], which controls the chemical composition of
he dialysate and helps to maintain normal electrolyte
alues [16]. We experienced no arrhythmias during this
rial.

All study patients had stage IV NSCLC and had failed
r refused other therapeutic trials. All patients had mul-
iple solid-organ metastases with cachexia on entry into
he trial. In the VV-PISH group, the target temperature of
2.0°C for 2 hours was achieved and 42.0 � 0.2°C was
easured at all monitored sites. Percutaneous cannula-

ion, hyperthermia induction, maintenance, and cooling
ere free of significant complications. All patients re-
uired critical care management in the intensive care
nit for 2 to 3 days, were discharged with an average

ength of stay of 4.6 � 1.1 days, and survived longer than
0 days. In the five patients in whom neuropsychic
esting was completed before hyperthermia and at 30
ays afterward, no central nervous system abnormalities
ere detected [21].
During this safety trial, no assessment of therapeutic

fficacy is possible; however, the time of survival of
atients in the VV-PISH group after VV-PISH (median of
71 days) is an interesting finding. Likewise, median
ength-of-survival from diagnosis to death for the con-
urrent controls was 96 days, but for the hyperthermia
atients, was remarkably longer at 450 days. Selecting a
oncurrent control group, from the initial cohort of stage
V patients introduces bias, which can only be eliminated
n a prospective, randomized, controlled study. The sur-
ival data for our control group are less than what are
urrently published in other clinical trials, where various
egimens are being compared [36]. A possible explana-
ion is that in our control group, therapy is not homoge-
ous; in fact, several of the patients elected no therapies
fter their initial diagnosis, whereas in many other pub-
ished reports, control groups received standardized
reatments.

In summary, our technique of percutaneous VV-PISH
rovides potential advantages over other external meth-
ds both in terms of safety and efficiency of thermal
elivery [5, 37, 38]. Venovenous perfusion-induced sys-

emic hyperthermia provides precise control of a target
ore temperature, maintenance of electrolyte homeosta-
is, and manageable side effects (vasodilation and som-
olence) in properly selected patients. Our results using
V-PISH to 42.0°C to 42.5°C core temperature with stage

V lung cancer also imply potentially improved outcomes
or a favorable risk/benefit. Required future studies in-
lude prospective, randomized, controlled, multicenter
rials of VV-PISH compared to conventional therapy and

valuating the therapeutic efficacy of combining VV-
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ISH with chemotherapeutics, to establish synergistic
ntineoplastic effects.

his study was conducted in the General Clinical Research
enter at The University of Texas Medical Branch at Galveston,
X. It was supported by grants (M01 RR-00073) from the Na-

ional Center for Research Resources, National Institutes of
ealth, US Public Health Service, and ViaCirQ, Inc, Pittsburgh,
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R JOSHUA R. SONNETT (New York, NY): I enjoyed your talk,
r Zwischenberger, and appreciate the opportunity to discuss

our presentation. You and your whole team are to be congrat-
lated on bringing a difficult experimental concept to clinical
valuation, a concept that you systematically studied in animal
odels, successfully reported these experimental results, and

hen in a controlled IRB manner went from the laboratory to the
linical arena. I have some questions.

With the rapid rewarming and the need for significant ino-
ropic support, did your patients experience significant
achyarrhythmias?

On your inclusion criteria was measurable disease. Do you
ave evidence of measurable tumor response to this therapy?
The nature of this phase I trial was that of safety and

emperature dosing. You report all patients returning to pre-
reatment status. However, your patients required an average of
days of hospitalization, significant intensive care support with

notropes, and extended ventilation. I am worried that as you try
o apply this strategy to larger cohorts of patients that you will
ee further morbidity. Thus, do you see this as a concept that can
xpand beyond the realms of your institution and your
xperience?
Finally, the medical oncology literature indicates that in ad-

anced disease, one of the most important prognosticators of
ow patients fare and ultimate survival with chemotherapy is

heir initial performance status and weight, their Karnofsky
core. Thus, by selecting patients with good performance status
nd lack of weight loss in your study, you essentially selected
atients who would have longer survivals with standard chemo-

herapy. Thus, with this phase I study of seven patients, I would
e careful about claiming any survival advantage at this date.
Again, I congratulate you on your beautifully run study and an

xcellent presentation. Thanks.

R ZWISCHENBERGER: Thank you, Dr Sonnett, for your
nsightful comments. As you can imagine, this trial was an
dventure. In the first three patients we did see tachyarrhyth-
ias, but once we standardized our technique of anesthesia and
uid resuscitation—literally in one hand a norepinephrine bag t
nd intravenous fluid in the other—hemodynamics smoothed
ut, arrhythmias resolved, and sinus tachycardia was very well
olerated at a rate of about 110 to 120.

The length of stay reported is unusual because this study was
hrough a General Clinical Research Center (GCRC). Patients
ad to be admitted the day before, then received perfusion-

nduced systemic hyperthermia in the GCRC, which we set up
s a temporary procedure unit. For recovery, they had to go to an
ntensive care unit for ventilator management and extubation;
hen they had to be ambulatory before they could be released for
ischarge. If you have ever worked with a GCRC, you know the
urses are not experienced with ill patients. I estimate with a

ittle practice the whole procedure and postoperative care would
equire about 2 days, which I think compares very favorably to
he hours spent by patients undergoing chemotherapy.

Patient selection is critical. The patient should be ambulatory,
hich we agree is a major factor. The concurrent control group
as interesting because we did screen all of these patients for

ntry criteria, discussed options with them, and then tried to
btain informed consent for the study. As you can imagine,
hen you educate a patient on something this unusual, many of

hem opted out. So we retrospectively reviewed the outcomes of
hat group as concurrent controls. Of course, a retrospectively
elected group has bias and does not allow valid statistical
omparison, but I thought it would be interesting to see how this
roup fared.
I know it is “soft science” when you start talking about how a

atient feels, but every single patient had a period of euphoria
nd enhanced performance for 3–9 months after hyperthermia.

e actually had a number of patients begging for additional
herapy. Because this was a tightly controlled phase I study, we
ouldn’t offer additional treatments.

I look forward to prospective randomized controlled studies
nd I also look forward to the idea of exploiting synergistic
fforts of hyperthermia with chemotherapeutics.
If anyone wants to try perfusion-induced systemic hyperther-
ia, be sure and call me because there are several issues

egarding the perfusion and the anesthesia management our

eam could share.

Marcel
Sticky Note
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