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Background: Thymidylate synthase
(TS), an essential enzyme in DNA syn-
thesis, is a target for the fluoropyrimi-

dines, an important group of antineo-

plastic agents used widely in the
treatment of head and neck cancer.
Purpose: We evaluated relationships
between the level and/or pattern of tu-
mor TS expression and response to flu-
orouracil (5-FU)-based neoadjuvant
chemotherapy in patients with ad-
vanced head and neck canceMethods:

Tumor specimens from 86 patients
were available for this retrospective
analysis. The patients were enrolled in
four consecutive phase Il studies that
tested combinations of 5-FU, leucovor-
in, and cisplatin with or without added

methotrexate plus piritrexim or inter-

feron alfa-2b (IFN «-2b). TS protein

expression in the tumors was assesseddiffuse tumor TS immunostaining, the

by use of the TS 106 monoclonal anti-
body and standard immunohistochem-
ical staining techniques. TS immuno-
staining was classified according to its
level of intensity (TS 0-1 = low, TS 2 =
intermediate, and TS 3 = high) and ac-
cording to its extent (focal pattern =

less than 25% of tumor cells positive;
diffuse pattern = greater than or equal

to 25% of tumor cells positive). Data
from 79 patients were available for an
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analysis of tumor TS expression and tumor TS expression may be of value in
patient/tumor characteristics; 70 pa- identifying patients with advanced
tients were assessable for their re- head and neck cancer who would ben-
sponse to neoadjuvant chemotherapy. efit from fluoropyrimidine-based neo-
Results: There was a statistically sig- adjuvant chemotherapy. [J Natl Can-
nificant association between the level of cer Inst 1997,89:308-13]

tumor TS expression and the degree of
tumor differentiation; a higher propor-
tion of patients whose tumors exhibited
TS 0-1 immunostaining had undiffer-
entiated or poorly differentiated tu-

Thymidylate synthase (TS)—EC
2.1.1.45—catalyzes the methylation of
deoxyuridine monophosphate to de-
oxythymidine monophosphate, an essen

mors than patients whose tumors ex- tal step in DNA biosynthesisl(2). TS is
hibited TS 2 or TS 3 immunostaining also a critical target for the fluoropyrimi-
(P = .04, Jonckheere—Terpstra trend d_ines, an important_ group of qntineoplas-a
test). Among the 70 patients who were tic drugs that are widely used in the treat-z

assessable for response to neoadjuvant ment of head and neck cancers (3,4).

chemotherapy, TS 3 tumor immuno- d Thle cI|n|ctaI ;Tportance. (t)f TS tm ftlhe
staining was associated with a lower evelopment of tumor resistance 1o Tuo-

rate of complete response (i.e., com- rop¥r|m|d|nes has bee'n sugggsted b8
. e studies (5-8) demonstrating that increase@
plete disappearance of clinically detect- : 5
: o levels of TS protein as well as stable am-2
able disease for a minimum of 4 weeks

from time of initial determination) than 2222?;;2 do\]:vi-trr? fli %?gﬁ'rcagle ?SeIS:S; a:;(;ski)se_é
was TS 2 or TS 0-1 immunostaining, 2

but thi it t statisticall tance. Other studies (8-10) have demon
ut this association was not stalistically - oirai64 in vivo as well as in vitro that TS 3
significant (P = .09, exact trend test);

he 39 , h enzyme levels in neoplastic cells riseg
among t.e _pat|ents who were acutely when the cells are exposed to cys
treated with regimens that included

; 1 ) totoxic agents such as 5-FU. This increas&
5-FU, leucovorin, cisplatin, and IFN ;5 after exposure to 5-FU resuilts in the%
a-2D, this inverse association between yaintenance of free TS enzyme. Thes&
TS immunostaining intensity and re-

e e studies also suggest that the degree =
sponse was statistically significantR = jyorodeoxyuridine monophosphate bind-g
.02, exact trend test). Tumor TS immu-

AaCLIE > ing and the ability of a tumor to acutely
nostaining intensity and overall sur- oyerexpress TS in response to cytotoxi
Patients with tumors exhibiting a focal

_ 1D of 5-FU resistance. Thus, the quantitations,
pattern of TS immunostaining have ex- of TS is critical in understanding mecha- 3
perienced significantly longer survival 5

than patients with tumors exhibiting a *Affiliations of authors:P. G. Johnston, K. A. Be-
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median survival was 24.7 months,
whereas the median survival has not
yet been reached for the 22 patients
with focal tumor TS immunostaining
(P = .04, two-tailed logrank test). How-
ever, the survival advantage for the fo-
cal versus diffuse TS immunostaining
pattern was limited to patients whose

tumors also exhibited a TS 3 level of Johnston, M.D., Ph.D., Department of Oncology,
. o . . ) The Queen’s University of Belfast, Belfast City
immunostaining intensity. Conclusions Hospital, Belfast BT9 7AB, N. Ireland.

and Implications: Characterization of

See“Notes” following “References.”
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nisms that may be involved in the devel-tion. The second study maintained the PFL regimemgraded alcohols, and washed in phosphate-buffered
opment of antimetabolite resistance in pagnd added methotrexate at a dose of 50 migdm saline. The sections were then probed with the TS
tients day 15 and the lipid-soluble methotrexate analogud 06 monoclonal antibody by use of the avidin—biotin
" . . piritrexim at 100 mg/rA given orally twice each day complex (ABC) immunohistochemical technique

In view of the potential for using TS as o, gays 22-26. Two cycles were administered a(19). The TS 106 monoclonal antibody was pro-
a determinant of response to fluoropy—zs-day intervals (15). Patients in the third and fourthduced at the National Cancer Institute, and its use in
rimidine-based chemotherapy, immuno-studies were treated with three cycles of neoadjuvanfS immunoquantitation and immunocytochemistry
Iogic assays have been developed thé_;pemotherapy. Study 3 included cisplatin at a doséas been validated in previous studiggl().

. . . f 100 mg/nt on day 1, followed by a 5-day infusion
employ monoclona} antibodies dlreCtedgf 5-FU at 640 mg/rh per day. During administra- 11Ssue Evaluation
against TS to quantitate TS enzyme Ievel§on of the chemotherapyl/I-leucovorin was given ) . .
in the tumor tissue of individual patients orally every 4 hours and 2 million unitsfdoses of The slides were examined and scored indepen-
(7’11). IFN a-2b were given daily for 6 day<6,17). Three dently by two observers (P. G. Johnston and K. A.

. . ; : . ehan) who were blinded to both the clinical and the
In patients with head and neck Cancer'cycles of induction chemotherapy were admlnlstereljr:§ ; . *
P At 21-day intervals. Study 4 included identical che-Pathologic data. TS expression was quantified by

the combination of cisplatin and 5-FU hasmotherapy; however, instead of oral leucovorin, aiS€ Of @ visual grading system based on the intensity

shown considerable activity, with overall continyous 132-hour intravenous infusion of the®f Staining (0-3) as well as on its extent, i.e., pattern
response rates ranging from 70% to 100%ure, biochemically active. stereoisomer of ley- (0¢al = less than 25% of tumor cells staining posi-
(3,4). Use of this combination in the neo-covorin was administered at 300 mgimer day Ve Of dl'lﬂuse.:. greater than or equal 10 29% of
adjuvant setting has led to increased rated8)- In all four studies, induction chemotherapy waglumor cells staining positivel¢eFig. 1). There was -
o .~ “ollowed by optional surgery and concurrent adju-Cl0S€ agreement (>90%) in the TS evaluation be-,
of response, reduced incidence of dlstan\f 1%

ant chemotherapy (5-FU and hydroxyurea) and ratween both investigators. In cases of disagreemen

metastases, and improved chances for Offiation therapy. consensus was det_ermined py joint review. _Dupli—o
gan preservation. Attempts to increase the The primary end points for the induction chemo-Ca!¢ Samples were included in the study as '”t‘?mag
activity of neoadjuvant combination che-therapy regimens consisted of determinations oFoerIS for ,IS |mr3unost?|n|rtlg and |ntfrp|ret%t1|or¥§
motherapy with cisplatin and 5-FU havecomplete and overall response rates and toxic ef?S \iﬁ?r:e F?(r:tsérlxvs?tanw:segs?n:\i/IZrlsff(l)Jringembztcheof z
focused on the modulation of 5-FU by thel‘ects, as reported previously. Respgnse was assessgt%es tgo the nex):
addition of leucovorin and interferon alfa ?ﬁ/ > Ieaﬁt SNS Observersl ?ﬁsr thz met‘UCtt'r?n chemo® '

era ad been completed and after the surger: P . T
(IFN «). A series of phase | and phase ||Respg)r/1$e assessmentg included repeat clinicaﬁ a)rESietermmatlon of Dlhydmpynmldme
investigations (12-15) has established thendoscopic examinations. A complete responsi’€hydrogenase Activity

feasibility of adding leucovorin to the cis- (CR) was defined as the complete disappearance of Approximately 20 mL of whole blood was col-

. . . all clinically detectable disease for a minimum of 4 . - :
- lected in h d tubes. Peripheral blood lym-
platln and 5-FU combination as part Ofweeks from the time of initial determination. A par- ccted In heparinized Wbes. Feripheral lood fym

. . . . . . . . .y _y)
induction chemotherapy in patients Withya| response was defined as the reduction of all me bhocytes were isolated, and dihydropyrimidine de-g

. . . . ) drogenase (DPD) activity was determined as<
0,
advanced disease. More recently, investisurable lesions by at least 50%, and stable dlseasa% scribed previously (18). DPD is the first and rate-

gators at the UniverSity of Chicaga(i- was defined as an average decrease of all meaSLhrrhiting enzyme that is involved in the catabolism of

feuinofpJojxor ouly/:dn

ued e

18) have shown that the cisplatin, 5-FU able disease by less than 50%. 5-FU, and expression levels of this enzyme haved
Ieucovorln,_ an_d IFNa-?b combination TS Study Cohort been associated with the response to 5-FU therapg
(PFL-IFN) is highly active and produces @). 5
clinical complete remissions in more than The TS study samples consisted of pretreatmenb| ;s ma 5-FU Measurement ot
50% of patients with advanced head andprmalin-fixed, paraffin-embedded tissue sections g
neck cancers, as well as high SurViva‘available from 86 patients. The clinical and patho- plasma 5-FU levels were measured in patients>

. . ogic data available for the patients were kept sepageated with 640 mg/Mm5-FU per day as part of a
rates if followed by concomitant chemo- rately and were provided by investigators at the Uni_gay infusion during PFL-IFN induction therapy.

therapy and radiotherapy. Thus, in thissersity of Chicago. Data from a total of 79 casessamples were collected on day 1 at@ (control
retrospective study, our aim was to deterwere available for final statistical analysis. The dataprior to chemotherapy) and on day 3 both at8

mine whether the level or pattern of TSfrom seven cases were not eligible fpr final ana_llysisand at 5M (for 5-FU plasma measurements). Blood
expression in tissues derived from pa_fOF the following reasons: One patient had tissu@yas collected in EDTA-containing tubes. Immedi-
specimens that were incorrectly labeled, another Pagtely after the samples were collectdejscorbic

tients with advanced head and neck Canent gid not receive induction chemotherapy, andycig was added to achieve a final concentration inS

cer might allow the prediction of re- five patients were found to have lymphoepithelioma.the range of 1-2 mg/mL of whole blood. The tubes
sponses to induction chemotherapy wittfhe 79 patients were treated in clinical phase Il trialgyere centrifuged immediately at 10§@r 10 min-
5-FU-based regimens. testing the biochemical modulation of cisplatin andytes at 4°C, and the resulting plasma supernatants
5-FU combinations by the addition of leucovorin ere transferred to individual 5-mL polypropylene
Patients and Methods and/or IFNa-2b as outlined above. Seventeen of theyypes and stored at —80 °C. 5-FU plasma concentra-
patients were treated in the first study outlined abovgjons were analyzed by means of high-performance

Treatment (13,14), 19 patients were treated in the second studyquid chromatography as described previously (16).
(15), and the final group of 43 patients were treated

The patients included in this study were eachin the studies testing PFL-IFNL6-18). Nine of the  Statistical Ana|y5i5
treated in one of four consecutive phase Il studieg9 patients were not assessable for response to che-
testing the biochemical modulation of 5-FU in the motherapy for the following reasons: Five patients The results of the TS immunohistochemiaably-
induction chemotherapy setting. The four phase lreceived only one cycle of therapy, and four patientssis were submitted to the University of Chicago for
studies have been described previoudi$-18). In  died early during the first or second cycles ofstatistical evaluation using a coded identification
brief, the first study utilized cisplatin at a dose of 100therapy. system to maintain adequate blinding of the inves-
mg/n? on day 1, followed by a 5-day continuous tigators. The TS staining pattern (focal, diffuse, or
infusion of 5-FU at 800 mg/fhper day, with 100 mg  Immunohistochemical Staining negative) was treated as a nominal variable, and the
of d/I-leucovorin administered orally every 4 hours TS staining intensity (0, 1, 2, or 3) was treated as an
during the 5-FU infusion (PFL regimen}§,14). Pa- Paraffin-embedded tissue sectionsyf thick) ordinal variable. The association between TS stain-
tients were treated with two cycles of this combina-were deparaffinized in xylene, rehydrated throughing pattern (focal or diffuse) and TS level (1, 2, or 3)

T Joquueides uo Alsie.
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Fig. 1. Thymidylate synthase (TS)
immunohistochemical staining in
squamous cell carcinomas of the
head and neck. The tumor sections
demonstrate diffuse, high-intensity
TS staining (TS 3)(A) and focal,
low-intensity TS staining (TS 1(B).

was assessed by use of Fisher's exact test. Associand 5-FU-based regimens at the UniverClinical Associations

tions of TS staining pattern (focal, diffuse, or nega-gitv of Chicago were analvzed for TS ex- .
tive) with patient demographic variables or induc- y 9 y Among the 70 patients who were as-

tion chemotherapy responses (CR versus non-C ression. Th_e TS Ir_nmunOStammg patteryessable for response, an inverse aSSOCig'
were evaluated by use of Fisher's exact test for catvas predominantly in the form of granulartion was observed between TS expressiol’
egorical variables or the Kruskal-Wallis test for or-cytoplasmic staining in the tumor cells.|eyel and the response to induction Che-g

gi”tal.lvariatbles [S”tCh.aS]Tcor N St.""@e(zfog;%r TS staining was also observed in lymphomgtherapy. Approximately 35% of the ¢
etails on tumor staging]. Comparisons o ac- : ; . f - =)
tivity and 5-FU concentration according to TS stain-Cytes adjacent to the tumors, and MiNOpatients with high TS levels (TS 3) had aa<;

ing pattern (focal or diffuse) were performed by usear_‘tibo_dy cross-reactivity was observettomplete remission compared with ap-%
of Student'st test. Associations of TS level (0-1, 2, with fibroblasts, smooth muscle, andproximately 62% and 53% of the patientsg
or 3) and patient demographic variables or inductiorother connective tissue elements. Heterayhose tumors had intermediate (TS 2) o

responses were evaluated by the chi-squared test, tEfeneity of TS staining was apparent bothow (TS 0_1) TS levels, respectivel?(= g

Cochran—Armitage trend tes), or the Jonck- S .
heere—Terpstra test for tren@2). Comparison of within individual tumors and between dif- .09) (Table 2, A). In the subgroup of 39 g

DPD activity or 5-FU concentration with TS level ferent tumors. Within the study group, patients who were treated with threes
was performed by a one-way analysis of variance48% of the tumors had a high TS levelcycles of induction PFL-IFN and were as- 8
Overall survival was measured from the date of TS 3) 30% stained at a moderate levesessable for response, the patients with tu®
treatment in the relevant study until death from any g 5y 1 704 had low staining (TS 1), andmors that had high levels of TS (TS 3)
cause or until the date of last patient contact. Sur- o . ) L
vival was estimated by the method of Kaplan and®70 had no staining (TS 0). Twenty-eighthad a significantly lower rate of complete
Meier (23) and compared by use of the logrank tespercent of the tumors displayed a focal TSemission than the patients with tumors
(24). All tests were two-sided, with the exception of staining pattern, whereas 67% had a difthat had intermediate or low TS leveB (

the exact trend tests. All analyses were performeqse staining pattern. No association was= .02) (Table 2, B). Only 42.9% of the

using SPSS6.1 for Windows (SPSS, Chicago, IL) or . . . .
Stat Xact 3 software (Cytel Software Corporation,observed between TS expression levepatients with tumors that had a high TS

UUSd 1e /610°s jeuinopJo jxo" pul//:dny wouy papeojumod

Cambridge, MA). sex, regional lymph node status, tumotevel achieved a complete remission com-
stage, or site of the primary tumor. TSpared with 70.0% and approximately 88%
Results expression was significantly associateaf the patients whose tumors had moder-

with the degree of tumor differentiation. ate and low TS levels, respectively. An
A higher proportion of patients with low inverse association between tumor TS ex-
TS scores (0-1) had undifferentiated ompression level and response to induction
Tumor samples from 79 patients whopoorly differentiated tumorsR = .04) chemotherapy was observed for patients
were treated with biomodulated cisplatin(Table 1). within each individual study; however,

Association of TS Expression With
Patient and Tumor Characteristics
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Table 1. Demographic and histopathologic characteristics of patients (total #9) according to tumor
thymidylate synthase (TS) immunohistochemical staining score*

with tumors exhibiting a diffuse TS stain-
ing pattern had a median survival of 24.7
months; however, the median survival has

TS 0-1 (n= 17) TS 2 (n= 24) TS 3 (n= 38) !
N ” N ” N o 5 not been reached for the 22 patients
° ° ° ° ° ° T whose tumors had a focal TS staining pat-
Sex tern, with 14 of 22 patients alive at 55
Male 11 64.7 15 62.5 28 73.7 26 _ ; :
Formale 5 353 9 375 10 263 months (P= .04) (Fig. 2). The ;urvwal
difference between focal and diffuse TS
Tumor stagef -
2 1 5.9 3 12.5 2 5.3 40 Staining patterns was observed only for
3 4 23.5 9 375 11 28.9 patients whose tumors had high TS levels
4 12 70.6 12 50.0 25 65.8 (P = .01). No survival difference was
'-yg‘ph node staget 5 76 o 433 . 105 L¢ noted for patients whose tumors had mod-
1 5 29:4 2 8:3 10 26:3 . erate (TS 2) or low (TS 0-1) TS levels. In
2 6 35.3 11 45.8 16 42.1 the subgroup treated with PFL-IFN, the
3 3 17.6 3 12.5 8 211 median survival was 46.5 months for the
Tumor differentiation : .
Well differentiated 28 13.3 4 16.7 7 18.4 .04 28 .pf'itlents whose tumors ha.d a dlffgseo
Moderately differentiated 6 40.0 17 70.8 26 68.4 staining pattern, and the median survival
Poorly differentiated 5 333 2 8.3 3 7.9 for the 15 patients whose tumors had focaE
Undifferentiated 2 133 1 42 2 53 staining has not been reached, with a mef&
Tumor site i - = -
oral 1 5o 3 125 5 132 20 dian follow up of 52 monthsK = .02). 3
Nasopharynx 2 11.8 1 4.2 1 26 The TS staining pattern was not assocej
Oropharynx 5 29.4 6 25.0 19 50.0 ated with TS staining intensity. =4
Hypoglottis 3 17.6 3 12.5 3 7.9 =
Supraglottis 5 118 8 33.3 4 105 The distributions of the mean and =
Glottis 1 59 0 — 0 — maximal plasma 5-FU concentrations foré'
Other 3 17.6 3 12.5 6 15.8 the 43 patients treated uniformly with g
£

*TS 0-1 = low staining intensity, TS 2= intermediate staining intensity, and TS=3 high staining
intensity. See“Patients and Methods” section for details.

+Pvalue for sex from Cochran—Armitage trend tétalues for tumor stage, lymph node stage, and tumofMONg the TS groups, and the mean leve
differentiation from Jonckheere—Terpstra trend tBstalue for tumor site from two-tailed chi-squared test.of DPD activity measured in the periph-

1Seeg(20) for details on tumor staging.

8The numbers of patients whose tumors had TS 0-1 immunostaining scores in this category do not agfl ¥ of these patients was not associate

17 because information on tumor differentiation was not available for two patients.

three cycles of PFL-IFN induction
therapy were not significantly different

0"Sfeuino

Bl

=

eral blood mononuclear cells of a subse

fsisged e

with TS staining levels (Table 3).

<
Table 2. Association of tumor thymidylate synthase (TS) expression level and response to %‘
leucovorin-modulated fluorouracil (5-FU)-based induction chemotherapy for all assessable gafients Discussion g
and for the subset treated with regimens containing interferon alf@Pb g
. =3
No. of patients (%) by TS level* In this study, we have analyzed the ex-g
pression of TS protein in tumors from pa- 2
Response TS 0-1 TS 2 TS 3 Pt . . <
tients with advanced head and neck cang
A. All assessable patients (n = 70) cer. We have demonstrated that patient%)
Completet 8 (53.3) 13 (61.9) 12(35.3) whose tumors have high TS expressio
Partialt 7(46.7) 8(38.1) 22 (64.7) ; ; -
Total No. of patients 15 21 34 .09 are I(?SS. l.lkely to achieve a CR to f!uo 2
, ropyrimidine-based therapy than patientss
B. Subset of patients (n = 39) R
Completes 7675 770.0) 6 42.9) whose tumors have low levels of TS en-g
omplete . . . ; 5
Partialt 1(12.5) 3(30.0) 12 (57.1) zyme. Moreover, patients whose tumors
Total No. of patients 8 10 21 02 demonstrated a more focal pattern of TS

*TS 0-1 = low staining intensity, TS 2= intermediate staining intensity, and TS=3 high staining
intensity. See"Patients and Methods” section for details.

TExact trend test; TS 0-1 versus TS 2 versus TS 3.

fSee"Patients and Methods” section for details.

staining, in particular those with high TS
levels, appear to have better survival.
Recent clinical trials for advanced
head and neck cancer have investigated
the use of neoadjuvant combination che-

this inverse association did not reach sta- No association was noted between thenotherapy and subsequent intensive con-
tistical significance in the first two studies TS staining pattern (focal versus diffuse),comitant chemotherapy and radiotherapy.
because of the small numbers of patientpatient demographics, histologic param-This treatment approach has resulted in
involved. No association between tumoreters, or response; however, patientsnproved disease-free survival and over-
TS level and overall survival was detectedvhose tumors exhibited a focal pattern ofall survival in several randomized studies
in either the entire group?(= .9) or the TS staining had statistically significantly [reviewed in @)]. Induction chemo-
subset of patients treated with PFL-IFNlonger survival than patients whose tu-therapy with the combination of cisplatin
(P = .23). mors had diffuse staining. The 53 patientand 5-FU has resulted in increased re-
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Fig. 2. Association of the in patients. Our group26) has demon-
pattern of thymidylate strated that TS is an independent prognos-
1.00
synthase (TS) immuno- ti Ker i tal d hel
staining with survival in tic marker in rectal cancer and may help
the TS study group. Sur- | identify subgroups of patients who benefit
vival differences were as- g 075 from chemotherapy in the adjuvant dis-
sessed between 53 patienty 2 ease setting. A collaborative effort by our
= . . . .
¥g°zfa}mgrsa:3d2‘gﬁgze P group and investigators at the University
= 1 . .
tients whose tumors had | 2 osaf T of Southern CaliforniaZ7) has shown an
focal TS staining. Survival | = inverse association between the level of
was estimated by use of § TS protein, TS mRNA, and clinical re-
the Kaplan-Meier method. | g 4 51 Diffuse sponsiveness to fluoropyrimidine-based
Survival was 72% (95% & th . tient ith ad d |
confidence interval [Cl] | & ~ erapy In patients with advanced colo-
= 52%-92%) at 36 p=0.04 rectal or gastric cancer. More recently,
0, 0, .00 1 1 ! 1 1 1 L1 1 1 . H
Tonthsoand 53,/0 (95% ClI ¢ 1z 24 3 & @0 2 84 5 Lenz et al. 28) have conflrme_:d that high
= 2h3 A;'Sf A))I at 72 VGNTHS levels of TS mRNA expression not only
months for focal staining . .
and 45% (95% CE 31%- predict for response but also are associ

- ol w)
59%) at 36 months and 32% (95% Gi 16%-48%) at 72 months for diffuse staining. TRevalue ~at€d with decreased survival in a largerg
(two-sided) is based on the logrank test. cohort of patients with gastric carcinoma. =

Peters et al. (29) have also confirmed thal
Table 3. Association between tumor thymidylate synthase (TS) expression level* and mean and max@@On cancers with elevated TS levels areg
levels of serum fluorouracil (5-FU) and mean level of peripheral blood mononuclear cell resistant to 5-FU. Two other studies3
dihydropyrimidine dehydrogenase (DPD) for patients receiving leucovorin-modulated 5-FU-based(10’30) have examined the importance 0%
induction chemotherapy containing interferon alfa-2b=(r#3) the percentage of total TS found in the%-

TS 0-1t TS 2t TS 3t form of the ternary complex. Both studies =
have shown that the amount of TS—ternary_E:

N Mean + SD N Mean + SD N Mean + SD Pt . .
complex also predicts for responsiveness:
DPD, mean level 5 0.21+0.14 3 0.16 £0.14 13 0.25+0.19 .720 5_FU_based regimens in both breasé
. . . QD
5-FU and gastric carcinomas. Etienne et 8L £
Mean level 9 261.1+76.0 12 262.3+1229 22  133.4+284 7 S

g'neasured TS catalytic activity and DPD<
activity in 60 patients with head and neck &
*TS 0-1 = low staining intensity, TS 2= intermediate staining intensity, and TS=3 high staining cancer treated with cisplatin and 5-FU=
intensity. See“Patients and Methods” section for details. with or without leucovorin. For the 52 pa- g
TN = number of ‘patients;‘ SD= standard deviation. _ tients assessable for response, Etienne %l
$One-way analysis of variance (three-group comparison). al. (31) observed a trend toward signifi- 2

sponse rates and the ability to decreaseytotoxic stress, such as that induced b§ance between low DPD levels and re-2
local tumor burdens, with enhanced rate§-FU. Thus, understanding the role of TSSPonse to 5-FU-based chemotherapys:
of success in organ-preserving surgeryas a determinant of chemotherapeutic ré?owever, they found no association be-3
Several clinical studies1(,15-1§ sug- sponsiveness in patients with head an@veen TS activity and response.

gest that induction therapy with the cis-neck cancer may lead to improved thera- The preliminary data from this retro-
platin, 5-FU, and leucovorin combination peutic strategies for this disease. spective study suggest that, for patient
and the cisplatin, 5-FU, leucovorin, and The importance of TS expression lev-With advanced head and neck cancer, hig
IFN a-2b combination results in further els has been established in a number ¢imor TS levels are associated with a lacks,
improvements in local control and fewerclinical and preclinical studies. Increasedf response to 5-FU-based chemotherapy
distant failures, with a median survival of levels of TS protein, overexpression of TSand, for patients with high TS levels, a &
greater than 3 years. Leucovorin increasesiessenger RNA (mRNA), and amplifica-focal pattern of TS immunostaining is as-
5-FU cytotoxicity by increasing the for- tion of TS-specific genes have been demsociated with significantly improved sur-
mation and the stability of the TS ternaryonstrated in cell lines selected for resisvival. The degree of focal versus diffuse
complex and, thus, the degree of TS inhitance to 5-FU, and acute induction of TSTS immunostaining within a tumor may
bition (2). Several mechanisms have beeprotein has been shown to occur in reteflect differences in total TS content,
described to account for the interactiorsponse to 5-FU both in vivo and in vitro which may account for the survival dif-
between 5-FU and IFM-2b, including (5-10). Recent data from several studieerences observed. Further studies exam-
the inhibition of TS protein induction by (26-30) measuring intratumoral TS levelsining TS protein levels using several as-
5-FU therapy. Chu et al26) have shown in patients with a variety of solid tumors says will be needed to address this
that induction of TS protein synthesis isalso suggest that high levels of TS expresquestion. The ability to relate response
controlled in a post-transcriptional auto-sion are associated with unresponsive disnd outcome on the basis of TS protein
regulatory manner and may be an imporease, indicating that TS expression magxpression in patients with head and neck
tant protective mechanism by which ma-be an independent prognostic factor foicancer before, or early in the course of,
lignant cells rapidly become resistant todisease recurrence and clinical outcomé&reatment may ultimately help target

Maximal level 9 289.1+100.6 12 300.0 £135.6 22 336.0+187.6 7
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