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Our goal was to determine if a healing flare response seen on
bone scintigraphy occurs following chemotherapy with Taxol
(paclitaxel; Bristol-Myers Squibb Co, Princeton, NJ), a novel

antimicrotubule agent for metastatic breast cancer. Methods:
We performed 74 bone scans on 21 females with breast cancer
and bone mÃ©tastasesentering a Phase II trial of Taxol chemo
therapy with granulocyte colony stimulating factor (G-CSF). All

patients had baseline scans within 6 wk prior to therapy, after the
second cycle (4-6 wk) of Taxol, and then after 6-12 mo. All

bone scans were reviewed by two nuclear medicine physicians,
without knowledge of the patients' clinical history. Skeletal radio

graphs, CT and MRI scans, as well as clinical history were
compared with scan findings. Results: Seven of the 21 patients
showed improvement in bone scan findings. Of these seven,
three had a flare response following two cycles (4-6 wk) of
Taxol, characterized by increased activity in baseline lesions and
the appearance of new lesions, followed by improvement on
follow-up scans. Evidence of clinical response (>50% reduction

in tumor mass) was seen in all of these patients. Seven patients
showed no change in baseline findings on follow-up bone scans.
Seven patients had post-Taxol scans showing new lesions, with
no overall improvement on later folbw-up. Conclusion: Flare on

bone scintigraphy may be seen shortly after commencing Taxol
chemotherapy. Bone scans done within the first 3 mo must be
interpreted with caution and should be correlated with clinical
and radiological findings to avoid inappropriate discontinuation of
Taxol chemotherapy.
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B<'one scintigraphy is an effective modality in the detec
tion of skeletal metastasis from breast cancer, frequently
providing the first evidence of distant malignant spread. It
has been shown to be more sensitive in detecting skeletal
metastatic disease in breast cancer than the radiographie
skeletal survey (1,2). Bone scan findings, however, are
nonspecific, with areas of abnormally increased uptake
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probably reflecting osteoblastic activity and change in
blood flow. In lytic mÃ©tastases,bone destruction is medi
ated by osteoclasts. These are stimulated by paracrine
factors secreted by malignant cells in the marrow cavity,
resulting in an imbalance between osteoblast and oste-
oclast function. Bone rÃ©sorptionthen predominates. Oste-
oclast activity is reduced as the tumor is controlled by
therapy and bone healing follows (3). Biochemical markers
of osteoblast activity including osteocalcin and alkaline
phosphatase may show a transient increase or flare re
sponse with successful systemic chemotherapy and hor
monal therapy (3,4). It has been hypothesized that scinti-
graphic flare may represent this increased osteoblast
activity. It may also reflect increased blood flow due to an
inflammatory response at sites of skeletal tumor destruc
tion (5). Alternatively, with endocrine therapy, flare may
be due to increased osteoblast activity in response to tran
sient hormonal stimulation of tumor growth (6). The flare
response, characterized by an increase in number and inten
sity of focal osseous lesions on bone scan, followed by a
subsequent corresponding decrease, has long been recog
nized as occurring shortly after starting hormonal and cyto-
toxic chemotherapy (2-4,6-10). The recognition of the pos
sibilityof a flare response at the commencement of therapy is
essential since it warrants continuation of therapy. We un
dertook this study to determine if flare on bone scintigraphy
occurs following treatment with Taxol, a new anti-microtu-
bule chemotherapy agent used in combination with recom
binant human granulocyte colony stimulating factor (G-CSF)
in a Phase II trial in females with metastatic breast carcinoma
at Memorial Sloan-Kettering Cancer Center.

MATERIALS AND METHODS

A Phase II trial of Taxol systemic chemotherapy used in com
bination with G-CSF was conducted at Memorial Sloan-Kettering

Cancer Center in females with histologically confirmed advanced
(Stage IV) adenocarcinoma of the breast. Twenty-one females in
this trial, median age 47 yr (range 32-62 yr), were followed during

and after treatment with serial bone scans. A total of 74 bone
scans were obtained from these patients. All patients had pre
treatment scans showing bone mÃ©tastases.Baseline scans were
performed within 6 wk prior to therapy, after the second cycle
(4-6 wk) of Taxol, and then after 6-12 mo.

Fourteen patients had various pre-TaxoI treatment regimens

including adjuvant chemotherapy or chemotherapy for advanced
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disease. The remainder had no prior chemotherapy. Most patients
had received prior exogenous hormone therapy or radiation ther
apy (to less than 30% of the marrow bearing bone). After premed-

ication with a standard regimen of 20 mg of oral dexamethasone 12
and 6 hr before Taxol, 50 mg of diphenhydramine HCL intrave
nously and 300 mg of cimetedine intravenously 1 hr before Taxol,
patients received 200-250 mg/m2 of Taxol intravenously by con

tinuous infusion over 24 hr every 21 days. G-CSF 5 Â¿ig/kg/daywas
administered subcutaneously on days 3-10 (8 days in all). Patient
15 did not receive G-CSF.

Bone scans were performed following injection of 925 MBq (25
mCi) of "Tc-methylene diphosphonate (MDP). All patients were

scanned between 2 and 3 hr after the administration of the radio-
pharmaceutical. Whole-body scans (anterior and posterior views)

were obtained with a gamma camera (ADAC Inc., Milpitas, CA)
equipped with a low-energy, high-resolution collimator, interfaced

to a dedicated Pegasys computer system. Supplemental additional
planar views and SPECT scans were obtained when necessary.

All scans were reviewed independently by two nuclear medi
cine physicians without knowledge of the patients' clinical history

who evaluated for the presence of abnormal sites of uptake and
intensity of uptake (grade 1: slight, grade 2: moderate, grade 3:
intense). Changes in overall scan appearance and individual sites
of abnormal uptake were also evaluated in sequential studies of
individual patients. Any disagreement between reviewers was
resolved by consensus. Improvement in scan appearance was
defined as a reduction in intensity of individual lesions by at least
one grade or disappearance of abnormal sites of uptake. Worsen
ing in scan appearance was defined as an increase in intensity by
at least one grade or an increase in number of sites of abnormal
uptake. "Flare" was defined as a worsening in bone scan appear

ance, coinciding with therapy, which showed substantial improve
ment in subsequent follow-up scans (3).

Skeletal radiographs, CT and MRI scans, as well as clinical
history were all compared with bone scan findings.

RESULTS

Seven of the 21 patients showed improvement in bone
scan findings by 6-12 mo after commencement of therapy,

characterized by a decrease in the number or intensity of
baseline lesions. Of these seven, three had a flare response
seen on the first scan performed after commencing Taxol (2
cycles of Taxol; 4-6 wk), characterized by increased ac

tivity in baseline lesions and the appearance of new lesions,
followed by subsequent improvement on follow-up scans.

All of the patients showing flare had corresponding partial
clinical responses, defined as a >50% decrease in measur

able tumor mass. Two of the patients with flare had prior
chemotherapy and one had external radiation therapy be
fore initiation of Taxol. Patients showing improvement
without flare had either minor responses in their index
(nonosseous) lesions, defined as a decrease of less than
50% but more than 25% in tumor mass, or stable disease.
Characteristics of patients showing improvement on bone
scans are shown in Table 1.

Four weeks after commencing therapy (two cycles of
Taxol), Patient 8 showed the appearance of multiple new
lesions including a skull lesion, several ribs, several thora-

columbar vertebrae and a left femoral lesion, as well as

worsening of a pelvic and a sternal lesion (Fig. 1). Sclerosis
was seen in a previously lytic pelvic metastasis on CT scan
4 wk after commencing therapy (Fig. 2). Approximately 10
mo after commencing Taxol therapy, the scan appearance
was markedly improved, showing interval disappearance
of all new lesions and a return to baseline appearance or
disappearance of other lesions. Patient 21 showed the ap
pearance of multiple new lesions including a rib, shoulder
girdle, thoracic spine, pelvis and right femur, as well as
worsening of a cervical spine lesion after the second cycle
of Taxol. Simultaneously, a partial response to Taxol was
seen in a right breast mass. Follow-up scans showed im

provement in all bony lesions (Fig. 3). Patient 1 showed an
increase in intensity of uptake in several previously ob
served lesions in the spine and a rib, 4 wk after commenc
ing therapy (two cycles of Taxol). A partial response to
Taxol was observed in nonosseous sites, characterized by
decrease in size of supraclavicular and mediastinal lymph
nodes after two cycles of Taxol. After four cycles of Taxol,
she was switched to Adriamycin. A follow-up bone scan

done 4 mo after discontinuing Taxol showed interval dis
appearance of most of these lesions and improvement of a
pelvic and a lumbar vertebral lesion.

Seven patients showed no change in baseline findings on
follow-up scans, which corresponded to stable disease,

minor responses, or partial responses in index
(nonosseous) lesions. Seven other patients had post-Taxol

scans showing the appearance of new lesions, with no
overall improvement on later follow-up. Patient response

index lesions in this group were: progression of disease in
one, stable disease in one, minor response in two, and
partial response in three patients. The correlation between
bone scan findings and clinical responses in this group,
therefore, was low.

DISCUSSION

Osseous mÃ©tastases occur in the majority of patients
with metastatic breast cancer, with bone being the most
common site of metastasis found at autopsy (8). While
clearly defined and reproducible criteria for evaluating re
sponse of osseous mÃ©tastasesto therapy do not yet exist,
the bone scan is widely recognized as being useful in this
setting. Scintigraphic flare responses have been well doc
umented previously in patients with metastatic solid tu
mors, with a variety of cytotoxic agents and endocrine
treatment. It has generally been seen between 3 to 6 mo
after commencement of therapy, with subsequent im
provement in bone scan findings within several months.
Alexander et al. found flare in 11 of 18 patients with skel
etal mÃ©tastasesfrom breast cancer shortly after commenc
ing combination chemotherapy (11). Coleman et al. re
ported flare in 12 of 16 patients, 3 mo after receiving
systemic chemotherapy for bone mÃ©tastases from ad
vanced breast cancer (3). Pollen et al. reported a series of
18 patients with objective clinical remission after chemo
therapy or hormonal treatment of metastatic cancer of the
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TABLE 1
Patient Characteristics and Response to Therapy

AgePatient
(yr)1

606

598

419

3410

4716

4621

43Prior

chemo*YesNoYesYesNoYesNoPriorRTfCervical

spineRight

tibiaNoneNoneUs'

spineT3-11,right

hipNoSites

of bony
diseaseRibs,

spine,pelvisSpine,

pelvis,extremitiesSkull,

sternum,ribs,spine,
pelvis,extremitiesSternum,

ribs,spine,
shoulderSkull,

sternum,ribs,spine,
pelvis,extremitiesSkull,

spine,pelvis,extremitiesRibs,

spine, pelvisIndex

lesion(s)(L)

supraclavicularnodeChest

wallPelvisScapulaSkullLungRight

breast massResponse*PRMRPRSOSOsoPRScan

findingsFlare*Improved,

noflareFlareImproved,

noflareImproved,

noflareImproved,

noflareFlare

'Chemo = chemotherapy, usually consisting of cytoxan, adriamycin and 5-FU.
fRT = radiation therapy.
'Response: PR = partial response (>50% reduction in index lesion size); MR = minor response (25%-50% reduction in index lesion size);

SD = stable disease (no change in index lesion size).
8Flare: Increased activity in baseline lesions and/or appearance of new lesions, with improvement to or better than pre-Taxol appearance, on

follow-up scans.
'Ls = lumbosacral.

prostate, two showing flare on bone scan after 3 mo of
therapy (4).

In a series of 26 patients with advanced prostate cancer,
treated with the leutinizing hormone releasing hormone
analog, leuprolide acetate, five patients had flare between 3
and 6 mo after initiation of therapy (5). In prostate carci
noma, the clinical response to endocrine treatment occurs
often within a few days to a few weeks, therefore, a flare

reaction on bone scan may occur much earlier than 3-6 mo

(9). Coscio et al. reported two cases of flare in patients
treated with chemotherapy for small cell carcinoma of the
lung, after three courses (3 mo) of chemotherapy (70).

Taxol is a novel anti-microtubule agent derived from the

bark of the Pacific yew, Taxus brevifolia. Interest dates
from the late 1960s when a crude extract was tested by the
National Cancer Institute in a large-scale screening pro-
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RGURE 1. Serial bone scans in Patient 8 responding to Taxol illustrates the flare response. Bone scans at baseline (A), after two cycles
of Taxol (B), and 10 mo after commencing therapy (C) are shown. New lesions (curved arrow in B) and increased activity in baseline lesions
(straight arrows) are seen at 4 wk, followed by improvement 10 mo later.
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RGURE 2. (Lett) Initial pelvic CT (Patient 8) prior to therapy
shows a lytic lesion (arrow) in the left ischium. (Right) Repeated
pelvic CT, after the second cycle of Taxol demonstrates healing.

gram, demonstrating cytotoxic activity against several mu
rine tumors. Despite its promising antitumor activity, de
velopment of Taxol as an antineoplastic agent was
hampered by its scarcity and problems with preparation.
Renewed interest in Taxol has been rekindled by the dis
covery of Taxol's unique cytotoxic mechanism as a stabi

lizer of microtubules against depolymerization. Extremely
stable and nonfunctional microtubules are formed, result
ing in growth inhibition and loss of cell viability. In contrast
to Taxol, other microtubule toxins in clinical use, such as
vincristine and colchicine, induce microtubule disassem
bly. Encouraging results with Taxol have been observed
since clinical trials began in 1983. Responses have been
seen in non-small cell lung cancer, refractory ovarian car

cinomas, melanoma, head and neck cancer, gastric cancer,
colon cancer and adenocarcinoma of unknown primary site

(13). Two recently conducted Phase II clinical trials of
Taxol in metastatic breast carcinoma demonstrate a high
level of anti-tumor activity. The M.D. Anderson group

reported an objective response rate of 56% (12% complete
and 44% partial) (13). In the Memorial Sloan-Kettering

Cancer (Tenter trial of Taxol and recombinant human
G-CsF a response rate of 62% (12% complete and 50%

partial) was observed (14,15).
The observations in this report underline the importance

of ascertaining the types of changes which might occur on
bone scintigraphy during treatment with new cytotoxic
agents. In three of 21 patients, worsening of bone scan
appearance which involved increased uptake in baseline
lesions, as well as the appearance of new lesions in the first
month after therapy, was indistinguishable on a bone scan
from disease progression. However, each of these patients
had other objective evidence of response in the first few
weeks after starting Taxol. Results of the long-term fol
low-up scans in one of these three patients was confounded

by the chemotherapy with other agents she received fol
lowing Taxol, however, the objective evidence of response
during Taxol therapy suggests that the bone scan findings
observed do represent flare in this patient, as well.

It is clear, therefore, that bone scans done within the
first few months following Taxol chemotherapy showing
"worsening" must be interpreted with caution and must be

compared with clinical findings and other imaging modali
ties to avoid an erroneous impression of disease progres
sion and unwarranted discontinuation of treatment. While
soft-tissue masses with accurately measurable dimensions

are easily followed by serial clinical evaluation or radiolog
ical studies, determining response to therapy of bony le
sions by radiological studies is frequently difficult. Radio
logical changes in bone mÃ©tastases typically occur very
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RGURE 3. Serial bone scans in Patient 21 responding to Taxol illustrates the flare response. Bone scans at baseline (A), after two cycles
of Taxol (B), and 12 mo after commencing therapy (C) are shown. New lesions (curved arrow in B) and increased activity in baseline lesions
are seen at 4 wk, followed by improvement on follow-up.

Bone Scintigraphy Flare After Taxol Chemotherapy â€¢Schneider et al. 1751



slowly, generally over months, or not at all. Briton et al.
found that skeletal radiographs only infrequently show ob
jective improvement after treatment of metastatic breast
cancer with chemotherapy, despite objective improvement
in nonosseous mÃ©tastases (7). Rossleigh et al. found that
radiographs often do not show sclerosis of lytic lesions in
breast cancer patients with flare (8). Radiological studies,
therefore, may not resolve the dilemma of progression
versus flare, and correlation with other clinical indicators
of disease status is mandatory; a follow-up bone scan in

approximately 3 mo is frequently necessary to differentiate
between these etiologies. If a bone scan done shortly after
commencing therapy shows apparent worsening, but there
is no other corroborating evidence of disease progression,
the clinician should consider a possible flare response and
be encouraged to continue therapy. Recognition that a flare
response may occur during the first months of Taxol che
motherapy for breast carcinoma should improve the inter
pretation of bone scintigraphy in these patients. Bone
scans done several weeks after Taxol therapy may maxi
mize the demonstration of bone mÃ©tastases if a flare re
sponse is occurring. Although none of the patients with a
flare response in our study had normal pre-treatment

scans, a flare response in previously undetected bone le
sions in a patient with a normal baseline bone scan seems
possible, and its detection may lead to a change of clinical
stage assignment and further evaluation in some cases. The
bone scan, therefore, may provide useful clinical informa
tion and guide therapy after only 4-6 wk of therapy, long

before radiological evidence of response can be expected,
providing the flare response is recognized. We feel that
bone scans carried out 3 mo or longer after the last dose of
chemotherapy usually do not show any flare response, and
that in order to assess disease progression or response on
a bone scan, it is useful to wait for at least 3 mo from the
last dose of chemotherapy. Additional study is needed to
optimize the use and timing of bone scans in patients re
ceiving Taxol.

One possible confounding factor in our observations was
the use of G-CSF in these patients. The effect of G-CSF

and related cytokines on bone scan findings after therapy is
unclear. The possibility that G-CSF treatment may pro
duce increased uptake in focal pre-existing lesions (or pro

duce new focal areas of increased uptake) seems unlikely
in view of the marrow-expanding effect of this agent. Dif

fuse increased uptake on bone scintigraphy in the axial
skeleton and juxta-articular areas in addition to the flare

response has recently been observed in patients receiving
G-CSF in combination with systemic chemotherapy (76).

Increased uptake in patients receiving these hematopoietic
growth factors may be due to an increase in marrow cel-
lularity. Diffusely increased skeletal uptake of 201T1-C1has

also been described in patients receiving G-CSF, thought
to be due to hypermetabolic marrow secondary to G-CSF

stimulation (17). Future studies are required to further
clarify the spectrum of bone scan changes associated with
cytokine therapy, particularly in view of the increased use
of these agents in high-dose chemotherapy trials.

REFERENCES

1. Hortobagyi GN, Libshitz HI, Seabold JE. Osseous metastasis of breast
cancer, chemical, biochemical, radiographie, and scintigraphic evaluation
of response to therapy. Cancer 1984;53:577-582.

2. Citrin DL, Hougen C, Zweible W, et al. The use of serial bone scans in
assessing response of bone mÃ©tastasesto systemic treatment. Cancer 1981;
47:680-685.

3. Coleman RE, Mashiter G, Whitaker KB, Moss DW, Rubens RD, Fogelman
I. Bone scan flare predicts successful systemic therapy for bone mÃ©tastases.
J NucÃMed 1988;29:1354-1359.

4. Pollen JJ, Shlaer WJ. Osteoblastic response to successful treatment of
metastatic cancer of the prostate. AIR 1979;132:927-931.

5. Johns WD, Garnick MB, Kaplan WD. Leuprolide therapy for prostate
cancer: an association with scintigraphic "flare" on bone scan. Clin NucÃ

Med 1990;15:485-487.
6. Vogel CL, Sherman I, Reynolds R, Gams R. The "worsening" bone scan in

breast cancer clinical trials: a potentially significant source of error in
response evaluation [Abstract]. Proceedings of Am Soc Clin Oncol 1992;
11:A26.

7. Briton JA, Bekerman C, Desser RK. The predictive value of serial bone
scans in assessing response to chemotherapy in advanced breast cancer.
Cancer 1980;45:1562-1568.

8. Rossleigh MA, Lovegrove FT, Reynolds PM, Byrne MJ. Serial bone scans
in the assessment of response to therapy in advanced breast carcinoma. Clin
NucÃMed 1982;7:397-402.

9. Pollen JJ, Witztum KF, Ashburn WL. The flare phenomenon on radionu-
clide bone scan in metastatic prostate cancer. AIR 1984;142:773-776.

10. Cosolo W, Morstyn G, Arkles B, Zimet AS, Zalcberg JR. Flare response in
small cell carcinoma of the lung. Clin NucÃMed 1988:13:13-16.

11. Alexander JL, Gillespie PJ, Edelstyn GA. Serial bone scanning using tech-
netium-99m-diphosphonate in patients undergoing cyclic combination che
motherapy for advanced breast cancer. Clin NucÃMed 1976;1:13-17.

12. Rowinsky EK, Cazenave LA, Donehower RC. Taxol: a novel investiga-
tional antimicrotubule agent./Nati CancerInst 1990;82:1247-1259.

13. Holmes FA, Walters RS, Theriault RL, et al. Phase II trial of Taxol, an
active drug in the treatment of metastatic breast cancer. J Nati Cancer Inst
1991;83:1797-1805.

14. Reichman B, Seidman A, Crown J, et al. Paclitaxel and recombinant human
granulccyte colony-stimulating factor as initial chemotherapy for metastatic
breast cancer. J Clin Oncol 1993;11:1943-1951.

15. Seidman A, Norton L, Reichman B, et al. Preliminary experience with
Paclitaxel (Taxol) plus recombinant granulocyte colony stimulating factor in
the treatment of breast cancer. Semin Oncol 1993;20:40-50.

16. Renato AVO, Hoefnagel CA, van der School JB. Nuclear medicine in the
monitoring of organ function and the detection of injury related to cancer
therapy. EwJ NucÃMed 1993;20:515-546.

17. Abdel-Dayem HM, Sanchez J, AI-Mohannadi S, Kempf J. Diffuse thallium-
201-chloride uptake in hypermelabolic bone marrow following treatment
with granulocyte stimulating factor. / NucÃMed 1992;33:2014-2016.

1752 The Journal of Nuclear Medicine â€¢Vol. 35 â€¢No. 11 â€¢November 1994




