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ORIGINAL ARTICLE

Anthony Elias
Dose-intensive therapy in lung cancer

Abstract Lung cancer is epidemic and lethal throughounterference with autocrine or paracrine growth loops; or
the world. Overall survival is estimated to be 13% at Bnmunologic therapy [interleukin (IL)-2, IL-12, immuno-
years despite treatment. The use of chemotherapy in smaikins, and tumor vaccines], which would be most effective
cell lung cancer (SCLC) is established, but it is less active the setting of MRT. To this end the detection of hetero-
against non-SCLC (NSCLC). Since 98% of SCLC cases ageneity and analysis of patterns of coexpression of various
associated with heavy smoking and present at a median aggkers form the thrust of our MRT detection program. At
of 60—65 years, the application of dose-intensive therapyttee Dana-Farber Cancer Institute and Beth Israel Hospital
lung cancer patients may be complicated by underlyivge performed stem-cell autografts in40 patients with LD
smoking-related comorbidity and an enhanced risk f&CLC and> 25 patients with ED SCLC who were in first
secondary smoking-related malignancies. The strategies@dponse to conventional-dose therapy comprising high-
intensifying induction therapy, multicycle dose-intensivdose combination alkylating agents. Approximately 80%
combination therapies, chest radiotherapy, and stem a#fllour patients were in or near complete response after
purging for both SCLC and NSCLC are discussed hereinitial chemotherapy. At a minimal follow-up of 23 months
Limited data regarding high-dose therapy for NSCLC haeo as long as 10 years) after completion of high-dose
been reported. In SCLC, excellent and immediate palliati@hemotherapy in our original trial, 52% of the patients
is achieved through the use of combination chemotherapgmain disease-free. Of the ED or extrapulmonary patients,
However, by 2 years, only 20-40% of limited-disease- (LDJpproximately 20% remain progression-freeap years
and <5% of extensive-disease stage (ED) patients remaifter high-dose therapy. Local regional recurrence repre-
alive. Regimens developed using the many establisheshts about 50% of all relapses. Thus, the roles of thoracic
agents produce similar short- and long-term outcomes, i@diation dose intensity and purification of stem-cell auto-
observation that suggests that many of our systemic agegrafts are being evaluated in ongoing trials. It is hoped that
eradicate the same tumor subpopulation but fail to abolistaacooperative phase Il trial testing the concept of dose
central core of tumor stem cells, presumably enriched fmtensification will begin soon.
heterogeneous in vivo resistance mechanisms. The identi-
fication of these minimal residual tumor (MRT) cells and&ey words Small-cell lung cancer High-dose chemo-
systematic evaluation of their biologic characteristics malerapy- Minimal residual tumor
guide strategies to target these cells specifically; such
strategies may include modification of chemotherapy,
tumor vaccination, or other forms of biologic therapy
such as replacement of RB, 3p, and/or p53 functiomtroduction: Rationale for dose-intensive therapy in small-
cell lung cancer

Lung cancer is the leading cause of death from cancer in
both men and women [8] and is epidemic throughout the
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extensive-disease-stage (ED) patients remain alive [54, 6Brapy to lung cancer patients must take into account a
Overall survival for all lung cancers is estimated to be 13@opulation of greater age (median 60—65 years) with under-
at 5 years despite treatment. lying smoking-related cardiovascular and pulmonary co-
Numerous chemotherapeutic agents are active agaimstrbidity and an enhanced risk for secondary smoking-
SCLC; the most established of these are cisplatin (arelated malignancies.
carboplatin), etoposide (and teniposide), ifosfamide, cyclo- As a review, patients in autologous bone marrow trans-
phosphamide, vincristine, and doxorubicin. A number gflantation (ABMT) studies in SCLC were analyzed accord-
new agents appear to have activity at least equivalent to they to their response status [relapsed or refractory;
of these established drugs, including taxanes (paclitaxel anttreated; responding to first-line chemotherapy [partial
taxotere), gemcitabine, and the topoisomerase | inhibitoesponse, PR, or CR); and extent of disease (LD or ED)]
(topotecan and irinotecan). Combination regimens desigresttd then pooled for aggregated relapse-free and overall
using the established agents produce short-term and alnssvival characteristics [23]. In all, 14 studies gave data on
identical long-term results. Ongoing trials are trying t62 patients who had either relapsed or had refractory
define the role of the new active agents in first-line therapglisease [21, 22, 25, 34, 46, 56-58, 60, 61, 66, 67, 69,
For the alkylating agents and radiation in particular, bai8]. CRs and PRs were observed in 19% and 37% of cases,
not for antimetabolites, near log-linear dose-responeespectively. However, the median response duration was
curves in preclinical in vitro and in vivo experimentsapproximately 2 months and the median survival approxi-
have been observed [28-31, 72]. The contribution of dos®tely 3 months. Combination chemotherapy regimens,
or the dose intensity of chemotherapy to response apafticularly those containing multiple alkylating agents,
survival remains controversial, although in 1977, Cohappeared to be more effective (response rate 58%, CR
et al. [16] demonstrated higher response rates, both co?6%) but more toxic (18% versus 6% deaths) with no
plete and partial, and a slightly longer median survivaiffect on the duration of response or survival. The observed
using cyclophosphamide, lomustine, and methotrexate. high overall response and CR rates support a dose-response
Using the methodology of Hryniuk and Bush [36] taelationship, but it is not sufficent to improve survival.
ascertain whether the dose intensity (expressed in the drudAs initial treatment, high-dose therapy produced overall
dose given per square meter of body surface are per wesdgponse and CR rates of 84% and 42%, respectively, in
of individual agents or regimens correlated with response 103 SCLC patients (71% of whom had LD) [25, 40, 45, 48,
survival in SCLC trials, Klasa et al. [43] observed tha49, 52, 65, 68]. Relapse-free 2-year and overall survival
increased dose intensities of cisplatin, doxorubicin, amdtes were comparable to those obtained using treatment
vincristine or etoposide (CAV or CAE), but not etoposid&ith conventional multicycle regimens. ABMT in newly
and cisplatin (EP), were associated with longer mediaiagnosed SCLC may not be optimal due to the frequency
survival in ED patients, but the effects and the dose rangadife-threatening complications from uncontrolled disease
analyzed were small. This analysis makes the assumptamd to the potential for tumor-cell contamination in un-
that all drugs are therapeutically equivalent and that crogseated autografts.
resistance (or synergy) between drugs, peak drug concenApproximately 282 patients responding to first-line
trations, and the schedule and duration of drug exposufgemotherapy received high-dose chemotherapy with au-
have no effect. tologous marrow support as intensification [26]. Of the
Seven randomized trials have evaluated dose intensitypiatients achieving only a PR in response to induction
SCLC, mostly in ED patients [2, 11, 16, 27, 39, 41, 51]. Itherapy, conversion to CR occurred in 50%, but without
the only trial treating LD patients exclusively, Arriagada efurable effect. The best results (35% progression-free at a
al. [2] randomized patients to six cycles of conventionathedian follow-up of>3 years at the time of publication)
dose chemotherapy with or without a modestly intensifieglere reported in LD patients in CR at the time of high-dose
first cycle; intensification resulted in a complete responskerapy.
(CR) and survival advantage. It can be argued that thoseMany of the high-dose SCLC studies reviewed were
randomized trials achieving survival advantage generabpnducted during the initial developmental phase of high-
compared less-than-standard to full-dose therapy, wherdase therapy for solid tumors. Therefore, many of these
an incremental dose intensity of between one and two fhiligh-dose trials employed either single chemotherapeutic
conventional doses did not clearly demonstrate a respomggents (with or without low-dose agents in addition; five
or survival advantage. series, two with chest radiotherapy) [4, 5, 14, 45, 50, 64,
Current established cytokines [e.g., granulocyte-macr@b], single alkylating agents (six series, four with chest
phage colony-stimulating factor and granulocyte colonyadiotherapy) [20, 26, 38, 44, 45, 66, 68], or combination
stimulating factor (G-CSF)] shorten chemotherapy-inducedkylating agents (eight series, four with chest radiotherapy)
myelosuppression and consequent febrile neutropenia [18)7, 24, 37, 52, 58, 69, 71, 77]. Higher treatment-related
although cumulative thrombocytopenia remains dosmorbidity and mortality than are currently expected were
limiting. Thus, at this time, dose intensity can be increasethserved in these studies.
by only 1.5- to 2-fold with cytokine use, differences Humblet et al. [37] treated 101 SCLC patients with
unlikely to produce survival advantages. The effectivenesemotherapy for 5 cycles, of whom 45 were eligible for
of various thrombopoietins in increasing achievable dosandomization to one further cycle of either high-dose or
intensity remains to be seen. The delivery of dose-intensigenventional-dose therapy with cyclophosphamide, etopo-
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side, and carmustine; no chest radiotherapy was given. AThe dose intensity of chest radiotherapy has not been
dose-response relationship was demonstrated. Conversi@fi studied. The Eastern Cooperative Oncology Group/
from a PR to a CR occurred in about 75% of patients aftRadiotherapy Oncology Group recently reported a compar-
high-dose therapy as compared to none after conventioriabn of 45-Gy chest radiotherapy given either daily over 5
dose treatment. Disease-free survival was significantiyeeks or twice daily over 3 weeks concurrent with cisplatin
enhanced, and a trend toward improved survival was dmd etoposide chemotherapy [75]. Intensified chest radio-
served. However, an 18% toxic death rate on the ABMfherapy reduced chest failure from 61% to 48% actuarial
arm led the investigators to conclude that dose-intensisisk at 2—3 yearsR<0.05). Dr. N.C. Choi et al. (personal
therapy should not be considered a standard therapycmmunication) have escalated the dose of radiotherapy in
SCLC. Moreover, since chest radiotherapy was not givendohorts of five to six patients with LD SCLC. Thoracic
this trial, disease in almost all the patients who relapseadiotherapy was given concurrently with cisplatin and
recurred in the chest. etoposide either as daily 180-cGy fractions or as twice-
Patients generally relapse at sites of prior tumor involvdaily 150-cGy fractions. The maximal tolerated doses
ment [62, 65]. The high rate of locoregional relapse may lappear to be 45 Gy for twice-daily administration and
explained by the greater tumor burden in the chest, t6—70 Gy for therapy given once daily. Thus, marked
possible presence of drug-resistant clones or NSCLC eietensification of the radiotherapy dose appears to be
ments, poorer drug delivery, or intratumoral resistangmssible and should be evaluated in a randomized setting.
factors such as hypoxia. Since chest relapse occurs inThe Cancer and Leukemia Group B and Southwest
about 90% of individuals following chemotherapy alon®ncology Group have just activated a phase Il feasibility
and in 60% after radiotherapy, radiotherapy to sites of bulkyal stemming from the DFCI/BIH experience. Patients
disease is likely to represent an essential componentagfed <60 years with LD will be treated with four cycles
curative treatment approaches. of cisplatin and etoposide with concurrent twice-daily chest
At the Dana-Farber Cancer Institute (DFCI) and Betladiotherapy to 45 Gy (150-cGy fractions). The patients
Israel Hospital (BIH),>45 patients with LD SCLC and achieving a CR or near-CR will receive high-dose cyclo-
> 25 patients with ED SCLC were treated with high-dosghosphamide, cisplatin, and carmustine with autologous
combination alkylating agents following a response tstem-cell support. Upon recovery, prophylactic cranial
conventional-dose induction therapy. Of the original coharradiation will be given. It is hoped that this will lead to
of 36 LD SCLC patients (all had N2 or N3 disease), 28 phase lll trial testing the concept of dose during intensi-
were in or near CR prior to treatment with high-dosécation.
cyclophosphamide, carmustine, and cisplatin with bone
marrow (plus peripheral blood stem-cell in some Casi?*?tensifyin induction
support followed by chest and prophylactic cranial radio- 9

therapy [55]. At a minimal follow-up of 23 months after th :
completion of high-dose chemotherapy (range 23 monthgpéjuctlon therapy reduces the tumor burden and allows the

10 years), 52% of our patients remain disease-free. Of t@(;%le;:r?tnir?{e?]iﬁ?cnat{tsiovr\]”thMg?gQ/césre?tSI(t_‘,I;ﬁ tcuor?q?rrosl froar lséjlb
ED patients, 18-20% remain progression-free-& years q X ’ piaty

after high-dose therapy (Elias, unpublished results). Lodgrogressive systemic and local SCLC symptoms and im-
regional relapse represents about 50% of all relapses prove Fhe pgrformance status dramatically. In contrast,
" during induction, chemoresistant tumor cells may develop

and proliferate and have even been induced by induction
therapy. Several strategies might circumvent such resis-
tance. As suggested by the trial conducted by Arriagada et
al. [2], initial intensification of induction may improve

disease-free and overall survival. A logical extension of
this concept would be to carry out multicycle dose-inten-

sive combination therapies supported by cytokines and

As summarized in meta-analyses, randomized trials h S : : :

. ' . peripheral blood progenitor cells using either repeated
demonstrated that ch(_est radiotherapy prowdes_, a 25% i cles of the same regimen [73] or a sequence of different
provement in locoregional control and a 5% increase ents [3, 19, 32]

long-term progression-free survival for LD SCLC [59, 76].
However, even with 45- to 50-Gy thoracic radiotherapy,
chest relapse remains unacceptably high (about a 608inimal residual tumor/autograft involvement

actuarial risk for local relapse by 3 years) [13, 42, 55]

and may be underestimated due to the competing risk ®ifce stem cells must be protected from high-dose therapy
systemic relapse [1]. Since chest-only relapse is observedanmake dose escalation feasible, stem-cell contamination
about 40% of patients, further enhancement of locoregioneith tumor cells that have survived induction therapy may
control may increase the proportion of long-term survivorbe a source of relapse. Residual tumor cells contribute to
If systemic control is improved by high-dose chemotherapiglapse in certain hematologic malignancies and neuroblas-
initial failure in locoregional sites may become moréoma ([9, 10, 33]; Dr. M.K. Brenner, personal communica-
prevalent. tion). It is not clear whether currently available purging

Future directions

Intensifying involved-field radiotherapy
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methods are sufficiently effective or whether the residuélL)-2, IL-12, immunotoxins, and tumor vaccines], work

tumor in the autograft indicates that the patient is burdenbdst against a minimal tumor burden.

by chemotherapy-resistant tumor cells uneradicable by

high-dose therapy. Gene-marking experiments in solgknowledgements This work was supported in part by a grant from

tumors have not yet provided definitive information [53] the Public Health Service, Grant CA13849 from the National Cancer
Bone marrow is one of the most common homing Sit’lnstitute, National Institutes of Health, Department of Health and

man Services.

for metastases. Small trials have demonstrated that 13-54%

of LD SCLC patients and 44-77% of ED SCLC patients

with histologically negative bone marrow had subclinical

SCLC bone marrow involvement at diagnosis when exam-

ined by immunohistochemistry techniques, which have™a

sensitivity of detection of 1 in ¥ocells [6, 7, 15, 70, 74]. References
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