
(CANCER RESEARCH 51. 2l 1-214, Januar) l, 1991]

Preclinical in VivoActivity of 2',2'-Difluorodeoxycytidine (Gemcitabine) against
Human Head and Neck Cancer1

Boudewijn J. M. Braakhuis,2 Guus A. M. S. van Dongen, Jan B. Vermerken, and Gordon B. Snow

Departments of Otorhinolaryngology/Head and Neck Surgery [B. J. M. B., G. A. M. S. v. D., G. B. S.] and Medical Oncology Â¡J.B. V.], Free University Hospital,
Amsterdam, The Netherlands

ABSTRACT

2',2'-Difluorodeoxycytidine (dFdCyd, Gemcitabine) is a neÂ»deoxy-

cytidine analogue with striking preclinical antitumor activity in solid
tumors from murine and human origin. In this study, dFdCyd was tested
for its antitumor effect in human tumor xenografts derived from squamous
cell carcinoma of the head and neck (SCCHN). NMRI nude mice bearing
s.c. growing tumors with a volume of 50 to 150 mm1 were given i.p.

injections of a maximum tolerated dose of 120 mg/kg dFdCyd, every 3
days for four injections. A significant antitumor effect was observed in
all five tested SCCHN tumor lines; in four of these lines the median
tumor volume doubling time increased more than a 3-fold upon dFdCyd
treatment. In two lines dFdCyd was curative (no tumor regrowth 90 days
after treatment) in one of six and two of eight xenografts, respectively.
Schedule dependency was investigated in three SCCHN lines, showing,
in the two most sensitive lines, that treatment with a 3-day interval was
superior to the schedules with daily or weekly injections. At equitoxic
doses, dFdCyd was more active in this model than the drugs that are
clinically used in SCCHN, i.e., cisplatin, methotrexate, 5-fluorouracil,
and cyclophosphamide. dFdCyd is a good candidate for clinical trials
with SCCHN patients.

INTRODUCTION

The relative mortality of patients with SCCHN3 has not

changed appreciably over the last 30 years (1). In the Western
hemisphere this tumor type accounts for 5 to 15% of all tumors;
the frequency depends on the country, being the highest in
Southern Europe (2). However, SCCHN constitutes the most
prevalent cancer in some Third World countries, especially
those of Southeast Asia (3).

The effectiveness of surgery or radiotherapy to control lo-
coregional SCCHN is well established, especially in early stage
disease. Combined surgery and radiation therapy have improved
locoregional control in patients with advanced disease, but
overall survival is still poor in this group. Over the last two
decades chemotherapy has been integrated into combined mo
dality treatment for advanced disease. The experiences have
been mainly with neoadjuvant chemotherapy. Impressive initial
tumor responses are often observed (4), but the impact on
survival thus far has been minimal (5). There is still a need for
more active drugs for SCCHN.

dFdCyd is a recently synthesized deoxycytidine analogue (6),
which shows broad spectrum activity against a panel of murine
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solid tumors and human tumor xenografts (7). As for the
xenografts, activity was observed in lung, breast, and colon
carcinomas (7). dFdCyd appeared to be active against both
hematological malignancies and solid tumors, which are insen
sitive to another deoxycytidine analogue, ara-C (8). dFdCyd is
converted to the triphosphate metabolite, dFdCTP, similar to
the mechanism of ara-C. In Chinese hamster ovary cells, the
accumulation of dFdCTP greatly exceeded (9- to 20-fold) the
accumulation of ara-CTP that was achieved under similar con
ditions (8). Moreover, the tumor cells examined eliminated the
ara-CTP much more rapidly than dFdCTP. This long-term
retention of dFdCTP in tumors may be responsible for the good
activity in slowly growing murine tumors and xenografts (7).

The present study determines the activity of dFdCyd, and the
influence of administration schedule, using a panel of SCCHN
xenograft lines.

MATERIALS AND METHODS

Animals and Tumors. Female nude mice (NMRI/Cbp, 8 to 10 weeks
old) were obtained from HarÃanOlac, CPB, Zeist, The Netherlands.
The conditions under which the mice are kept have been reported
elsewhere (9). Details on characteristics of the tumor lines are shown
in Table 1. The cell lines used to establish tumor lines were kindly
provided by Dr. T. E. Carey, Ann Arbor, MI, and have been character
ized previously (10). The HNX-14A, -14C, and -22B tumor lines used
in this study were derived from the cell lines, designated UM-SCC-
14A, -14C, and -22B, respectively. Serial transplantation of tumor lines
was performed by inserting slices measuring about 3x3x1 mm s.c.
in the lateral thoracic region on both sides of the animal. Tumor volume
in mm' was measured biweekly using vernier calipers and calculated

according to the formula length x width x height x 0.5. This way of
determining the volume has proved to be the most accurate (11).

Drugs. dFdCyd (Gemcitabine, LY 188011) was donated by Lilly
Research, Windlesham, Surrey, United Kingdom. BLEO (Bleomycin
Lundbeck) was obtained from Lundbeck. Amsterdam. The Netherlands.
Methotrexate (Ledertrexate) was from Lederle, Etten-Leur. The Neth
erlands. CDDP (Platino!) was from Bristol Myers, Weesp, The Neth
erlands. CY (Cycloblastine) was from Farmitalia, Bournonville-
pharma, Almere, The Netherlands. 5-FUra (Fluorouracil Roche) was
from Hoffmann-La Roche, Mijdrecht, The Netherlands.

Doses and Schedules. All drugs were injected i.p. with CDDP as an
exception, which was injected i.v. Schedules were based on results of
experiments performed in previous studies (12-14). Drugs were injected
at an equitoxic, maximum tolerated dose level. For each drug, this
MTD was assessed in non-tumor bearing female NMRI nude mice
before therapy studies were started. At the MTD the mice had a weight
loss of 5 to 15%, following the guidelines of the European Multicenter
Xenograft Study Group (15). The following doses and days of injections
were applied. For dFdCyd, three schedules were used: 120 mg/kg. days
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2To whom requests for reprints should be addressed at the Department of 0'" 'Â¿"^'.S mg/kg, daysio'l,2,'7,'+, and 2~40"mg/kg, days'07?"
orhmolaryngology/Head and Neck Surgery. Free University Hospital. De ' _ _.Tâ„¢' ' , ,. ' ,

Otoi
Boelelaan 1117, 1081 HV, Amsterdam, The Netherlands.

3The abbreviations used are: SCCHN, squamous cell carcinoma of the head
and neck; ara-C, l-/3-D-arabinofuranosylcytosine; ara-CTP. the triphosphate of
ara-C, BLEO, bleomycin; CDDP, cisplatin; CY. cyclophosphamide; dFdCyd,
2',2'-difluorodeoxycytidine; dFdCTP. the triphosphate of dFdCyd: GDF. growth

delay factor; MTD, maximum tolerated dose; MTX. methotrexate: T/C, treated/
control relative tumor volumes; 5-FUra, 5-fluorouracil.

Other drugs were: CDDP, 5 mg/kg, days 0, 7, 14; methotrexate, 125
mg/kg, days 0, 7; BLEO, 15 mg/kg, days 0, 1,2, 3; 5-FUra and CY,
100 mg/kg, days 0 and 7.

Evaluation of Chemotherapy. Treatment was started when the tumors
reached a volume of between 50 and 150 mm\ according to the
guidelines described by Boven et al. (15). The tumors were randomly
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Table 1 Characteristics of SCCHN xenograft lines

DesignationHNX-HN

HNX-LP
HNX-14A
HNX14CHNX

22BHistology"Poorly

diff. s.c.c.
Mod. diff. s.c.c.
Poorly diff. s.c.c.
Poorly diff.s.c.c.Well

diff. s.c.c.SiteOropharynx

Oral cavity
Oral cavity
Metastasis,oralcavity

HypopharynxVolumedoubling

time (days)6

9
16711Takerate(%)'89

92
73
8587

Â°Mod. diff. s.c.c., moderately differentiated squamous cell carcinoma. The
HNX-14A, -14C, and -22B tumor lines were established from in vitro growing
cell lines (10).

* The number of growing tumor xenografts as a percentage of the number of

fragments implanted.

Table 2 Efficacy ofdFdCyd in SCCHN xenografls

ToxicityLineHNX-HNHNX-LPHNX-14AHNX-14CHNX-22BDose(mg/kg)2.51202401201202.51202402.5306090120240ScheduleQd

x5'Q3d

x4Q7d
x2Q3dx4Q3d

x4Qd

x5Q3d
x4Q7d
x2Qd

x5Q3d
x4Q3d

x4Q3d
x4Q3d
x4Q7d
x 2Wt

loss
(%)'5117113202414004810Deaths1/60/51/61/71/51/61/60/50/40/40/50/50/51/5Antitumor

effectT/C(%)*35417017174910631128269544GDFC1.51.60.66.63.71

23.41.02.81.52.15.17.21.2CR*0/70/70/90/91/60/80/80/90/80/80/90/102/80/7

" Number of doubling times gained by treatment. For explanation, see "Ma
terials and Methods." In all cases the tumor volume doubling times between
treated and control groups were statistically different (P Â«0.05, Mann-Whitney
U test).

* CR, complete remission: no. of cures/total no. of xenografts tested. A cure

is scored when a tumor does not show regrowth for 90 days.
' The mean value of the maximal weight loss (control minus treated) during

the total treatment period is given.
* Optimal value, based on relative tumor volumes of treated (T) and control

(C) groups; see "Materials and Methods."
' Qd x 5, injections daily for 5 days; Q3d x 4, 4 injections with a 3-day

interval; Q7d x 2, injections every week for 2 weeks.

divided into treatment and control groups (6 to 10 tumors/group). An
antitumor effect was expressed in terms of a GDF. defined as the
difference between the median values of the time required by tumors of
treated and control animals to double their volume divided by the
median value of the time required by the tumors of control mice to
double their volume (16). A difference in growth rate between tumors
from treated and control animals was analyzed for a statistical differ
ence with the two-tailed Mann-Whitney U test. A second method was
used to quantify the antitumor effect. Tumor volumes were calculated
as values which are relative to the tumor volume at the time treatment
was started. The mean of these values of the treatment group is
expressed as a percentage of that obtained for the control group
(abbreviated as T/C); the optimal T/C value is considered to be the
lowest value at a certain time point during the posttreatment observa
tion period. Cures were scored when a tumor regressed and did not
show regrowth for a 3-month period.

RESULTS

Dose Dependency of the Antitumor Effect. A schedule of 4
injections with a 3-day interval was used with a dose ranging
from 30 to 120 mg/kg. With this schedule a clear correlation
between dose and antitumor effect was observed in the tumor
line HNX-22B (Table 2). A higher dose corresponded to better

response, but also to increased toxicity. 120 mg/kg was deter
mined to be the maximum tolerated dose, corresponding to a
weight loss of the animals of 8%.

Antiiiniiiir Effect of the 120-mg/kg Four Injections with a 3-
day Interval Administration Schedule. With this schedule, re
sponse was observed in all five SCCHN tumor lines tested
(Table 2). The GDF, the number of volume doubling times
gained by the treatment, as calculated from the median tumor
volume doubling times, varied from 1.6 to 7.2. The optimal T/
C values varied from 5 to 41%. When taking a GDF of more
than 2 as a criterion for activity (17), 4 of 5 lines proved to be
sensitive to dFdCyd. A growth delay of more than 2 corresponds
to a doubling time which is more than 3 times longer in the
treated than in the control group. Moreover, in two lines, HNX-
14A and -22 B, we observed one and two cures, respectively.
Interestingly, these lines are the more slowly growing tumor
lines (HNX-22B and -14A). As for toxicity, weight loss varied
between experiments from 2 to 11%; occasionally, toxicity
related deaths were observed.

Schedule Dependency. Other studies have demonstrated a
schedule dependency; a schedule with 3-day intervals was su
perior to a schedule using daily injections (7). For the compar
ison in our study, three lines were chosen that differed in
sensitivity to dFdCyd, when given with 3-day intervals. In the
line that was the least sensitive to the 3-day interval treatment,
HNX-HN, the daily for 5 days schedule was as effective, but
the weekly for 2 weeks schedule was less effective than the 3-
day interval schedule (Fig. 1). In the other two lines, the 3-day
interval schedule was superior to the other two schedules (Fig.
1). The dFdCyd induced toxicity in the animals was similar in
the three schedules used, although the daily for 5 days schedule
caused some more toxicity, as indicated by a relatively high
weight loss in two experiments.

Comparison to Other Drugs. The activity of dFdCyd was
related to that of other drugs, which are known to show some
activity in SCCHN patients (4). With the exception of the good
activity of CDDP in the HNX-14C line, all standard drugs,
administered at an equitoxic dose (the MTD), were inferior to
dFdCyd with respect to antitumor effect (Table 3).

DISCUSSION

In the present study we show that dFdCyd has a significant
antitumor activity in nude mice bearing SCCHN xenografts.
Data are provided that suggest that the effect of the drug is
schedule dependent. When the drug was given daily less activity
was detected than using the 3-day-interval schedule, confirming
the results that have already been noted for other tumor models
(7). This characteristic of dFdCyd seems rather unusual for an
antimetabolite and is in contrast with that of ara-C, which
evokes maximal antitumor effect when administered at close
intermittent intervals or continuous infusion (18). On the other
hand, also with another deoxycytidine analogue, 5-aza-2'-de-

oxycytidine, we showed a similar phenomenon in nude mice
bearing SCCHN xenografts; the interval schedule appears to
be superior to a daily schedule (19). As for the comparison
between dFdCyd and ara-C, additional in vitro data are re
ported, suggesting a difference in cellular pharmacokinetics.
When K562 leukemia cells are exposed for 72 h, ara-C and
dFdCyd are equally effective. However, when the exposure time
is limited to 2 h, dFdCyd is 3 times more potent than ara-C
(20). Like ara-C, dFdCyd is a good substrate for deoxycytidine
deaminase, a catabolic enzyme, making it unlikely that a long
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Fig. 1. Schedule-dependent antitumor activ
ity of dFdCyd in three SCCHN xenograft lines.
Tumor volumes are calculated in relation to the
initial volume. (Points, mean; bars, SE).

HNX-22B

40 50 60

120 mg/kg
O3dx4
240 mg/kg
Q7dx2

60

days after start treatment

Table 3 Comparison of antitumor activity ofdFdcyd and conventional drugs in
SCCHN xenograft lines

All drugs were administered at MTD level. For definition of GDF see "Mate
rials and Methods"); <1 corresponds to a minimal effect; +. 1 < GDF < 2,

moderate effect; ++, GDF > 2, strong effect; +++, GDF > 2 with regressed
tumors, very strong effect. dFdCyd was administered at 120 mg/kg on days 0, 3,
6, and 9. For the other drugs schedules and doses are described in "Materials and
Methods." n.t., not tested.

Line/drug dFdCyd CDDPMTXHNX-HN

+ +
HNX-LP ++
HNX-14A +++ +
HNX-14C ++ +++
HNX-22B +++BLEO

5-FUra+

n.t.

+ n.t.

++ n.t.CYn.t.

residence time of dFdCyd would explain the unusual dose
schedule dependency (20).

The accumulation and retention of dFdCTP seem to be of
crucial importance for the extension of the antitumor effect. In
vitro, an exponential increase in the dFdCTP concentration is
associated with a linear decrease of [3H]thymidine incorpora

tion (8). It is likely that dFdCTP acts specifically on the process
of DNA synthesis, either by direct inhibition and/or inhibition
of ribonucleotide reducÃase(20). Furthermore, in addition to
induced decrease of cellular dCTP pools, exposure to dFdCyd
increases the activity of deoxycytidine kinase, the enzyme re
quired for the phosphorylation of dFdCyd (8), which may
enhance the incorporation of fraudulent nucleotide into DNA.
The schedule dependent effect of dFdCyd may be related to the
acquirement of a certain miraceli tilar threshold level, giving the
opportunity to the drug to compete successfully with deoxycy
tidine for activation by deoxycytidine kinase.

A relatively high activity of deoxycytidine kinase activity in
comparison with normal tissue may explain the good antitumor
activity of dFdCyd. In this respect, we could show that the
activity of deoxycytidine kinase positively correlated with the
sensitivity to another analogue 5-aza-2'-deoxycytidine (21).

This study was performed in head and neck cancer xenografts;
enzyme activity varied between 4 and 12 nmol/h/mg protein.
Enzyme levels in normal tissue have not been clarified as yet.

An interesting characteristic of dFdCyd, probably related to
its favorable cellular pharmacokinetics, was its ability to affect
slowly growing xenograft lines. Tumor heterogeneity and the
fact that dFdCyd is acting in a cell cycle specific way, blocking

cell cycle traverse at the G,-S interphase, do not seem to be
limiting factors in the antitumor action of the drug.

Our results show that the antitumor activity of dFdCyd is
superior to that of drugs which are well known from clinical
practice; when given at equitoxic doses. dFdCyd was more
active than CDDP, MTX, BLEO, 5-FUra, and CY. Although
the predictive value of this xenograft model for the activity of
dFdCyd in humans is uncertain, at the present time the existing
preclinical data, combined with our data reported in this study,
warrant further studies on the compound in the clinic. The
nude mouse xenograft model is considered to be a good drug
screening system (22, 23), but a direct translation of therapy
results should be carried out with precautions. Dissimilarities
in response to some drugs have been reported in approximately
10% of the individual patient-xenograft comparisons (24). A
possible failure of the model to predict responses might be
related to differences in humans and mice with respect to drug
pharmacokinetics. Kobayashi et al. (25) have shown that plasma
levels of some drugs can vary considerably between humans and
mice when the drug is given at a MTD. This might explain why
for MTX and 5-FUra the unresponsiveness of xenografts does
not correlate with the observed activity in the clinic and the
patient tumor from which the xenograft line was established
(26, 27).

We conclude that dFdCyd is an interesting compound which
should be further investigated in patients with solid tumors. In
fact, phase I clinical trials are being conducted at this moment
(28, 29) and phase II trials will soon be started. Based on our
results this drug has a promising outlook in the treatment of
patients with SCCHN.
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