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Abstract

Research on systemic interventions in patients with advanced stage malignancies should be systematised with an emphasis on the

absolute gain in survival for the median patient. Such information is most meaningful with relatively large-scale evidence. Here, we
summarise the survival impact of 36 interventions compared against other interventions or no treatment for advanced stage
malignancies in meta-analyses of individual patient data or in selected recent (2000–2002) randomised trials with >300 randomised

subjects. Although 16 interventions showed a formally statistically significant survival benefit against the comparator arm, this exceeded
3 months in only 7 cases. We propose a standardised categorisation of the median survival prolongation in trials and meta-analyses.
Level 0: no proven survival benefit; level I: 0–3 months; level II: >3–6 months; level III: >6–24 months; and level IV: more than 24

months. These standardised levels may be incorporated into clinical practice guidelines for individual care and policy-making.
# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Over the last three decades, there has been an intense
effort to identify systemic treatments that improve the
outcomes of patients with advanced-stage neoplasia.
The effort has translated into hundreds and thousands
of randomised trials comparing diverse chemotherapeutic
regimens against placebo or no treatment, against one
another or against other modalities (such as immunother-
apy), alone or in various combinations. For example, in
an ongoing effort to identify randomised controlled trials
of chemotherapeutic regimens for advanced, inoperable
non-small cell lung cancer, we have already retrieved over
300 trial reports, strictly including only reports comparing
different chemotherapeutic regimens. The motives for
this intense clinical research effort are manifold. Cancer
remains a major killer [1], advanced cancer is still a
common problem despite preventive efforts, and effec-
tive treatments are thus expected to make a huge
impact. Financial incentives on the part of the pharma-
ceutical industry may also be important to consider [2]:
advanced cancer healthcare comprises a large, and
unfortunately steady, market.
The net gains of this clinical research have been

questioned. Several investigators have raised concerns
about the overall efficacy of the tested treatments [1]
advocating a shift towards prevention-oriented research.
However, several plausible preventive interventions
have failed miserably in their first attempts of validation
in randomised trials [3,4]. Other investigators have
insisted that newer modalities need to move from the
bench towards clinical experimentation. However, the
process is not straightforward, and unpleasant surprises
such as those that occurred with gene therapy are tem-
pering enthusiasm. For good or bad, many trials will
continue to be performed on various systemic treat-
ments among advanced cancer patients.
However, there is an imperative to understand better

the magnitude of the incremental effects that each pro-
posed regimen can achieve. Traditional approaches to
interpreting therapeutic efficacy stress the importance of
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hazard ratios or odds reduction and provide absolute
differences in percent survival at various durations of
follow-up. Small survival differences are often sup-
ported by nice-looking P values lending credibility to
plausible survival benefits. However, it is important to
translate the results of clinical research into average
absolute survival benefits. A simple estimate would be:
how much longer would the median person with this
cancer live if he/she were to receive the new treatment X
rather than the older treatment Y or no treatment at all?
A quick answer can be gleaned from the Kaplan–

Meier plots of any individual randomised trial with
sufficient follow-up, if half the patients have been fol-
lowed until death in all of the compared arms. Never-
theless, single trials may have considerable variability in
their estimates due to random error, unless they are
sufficiently large. Large trials and carefully conducted
meta-analyses are likely to come closer to a more accu-
rate estimate of the true average difference [5,6].
2. Methods

Table 1 shows examples from 36 interventions that
have been comparatively tested against other interven-
tions or no treatment for advanced stage malignancies
in (I) meta-analyses of individual patient data or (II)
selected recent single randomised trials with at least 300
randomised subjects. Meta-analyses of individual
patient data on systemic interventions in advanced stage
neoplastic diseases (excluding adjuvant and neoadju-
vant chemotherapy and immunotherapy and excluding
local treatments, e.g. radiotherapy) were identified by
screening PubMed and the Cochrane Library; duplicate
meta-analyses were excluded. Search strategies are
available upon request. Randomised controlled trials of
sample size >300 with the same disease and treatment
eligibility criteria were identified by screening The Lan-
cet and New England of Medicine for the time period of
January 2000–September 2002.
3. Results and discussion

The interventions are almost equally split among
those that show a statistically significant benefit
(P<0.05, n=16) and those that do not show any sta-
tistically significant benefit (P>0.05, n=20). However,
it is obvious that judging on the basis of statistical sig-
nificance alone would be misleading. Several interven-
tions that prolong the life of the median patient by 1
month or less compared with standard control treat-
ments (e.g. idarubicin versus daunorubicin for acute
myelogenous leukaemia (AML) [7], intravenous versus
bolus 5-fluorouracil for colorectal cancer [8], or any
chemotherapy added to radiotherapy for high-grade
glioma [9]) are highly statistically significant in meta-ana-
lyses involving over 1000 patients. Statistical significance is
based largely on the sheer numbers of randomised sub-
jects, but the absolute magnitude of the effect is really what
matters for the individual patient [10]. We will not debate
whether a 1-month prolongation of life is worthwhile or
not. It may well be. Safety of treatment [11] and quality of
life may also be important to consider. The answer would
differ from case to case and decision analyses, cost-effec-
tiveness analyses and quality of life analyses should con-
sider many other parameters for a final judgment.
We propose a simple categorisation of the levels of

absolute survival benefit, as shown in Table 2. Most
cases presented in Table 1 (29 of 36) belong to level 0
(no statistically significant benefit at all) or level I (a
significant absolute survival benefit for the median
patient of up to 3 months). We doubt that this is the
result of some selection bias in the examples we
employed. Perhaps, for some interventions, more ran-
domised evidence would make some of the non-sig-
nificant differences formally statistically significant.
However, for most new interventions in advanced stage
cancer, the incremental survival benefits tend to be neg-
ligible or small and we need to acknowledge this. This
information should form the basis for clinical decision-
making and for recommendations in practice guidelines.
Evidence-based guidelines [12] rate the available evi-

dence by considering the study designs and the amount
of the available data. We believe that besides the quality
of design, and the amount of data, an estimate of the
absolute observed incremental benefit is important to
present. The picture may be sobering for many
advanced stage cancers, but we should try to be as
accurate as possible to our patients and to ourselves as
we delve through more, newer, complex and expensive
therapeutic options. Such a categorisation commu-
nicates in a common language whether newer treat-
ments are truly important advances, for survival at
least. We can code the incremental benefits of each
newer therapeutic step as new interventions appear.
The overall benefit of an intervention may reflect the

net sum of the incremental benefits of each of the pre-
viously tested therapeutic advances over the history of
systemic treatments employed for a specific tumour. It is
misleading and plain wrong to compare the median
survival of patients in the distant past with the median
current survival of patients from the same tumour at the
same stage and attribute triumphantly the difference to
the latest available regimen. In some cases, the differ-
ence might be largely due to other, totally unrelated
reasons surrounding cancer diagnosis and care, as well
as evolving differences in the prognostic factor distribu-
tion of treated patients, and only minimally due to
therapeutic advances. Four successive steps in the
treatment of one tumour where each time the newer
regimen conveyed no survival benefit over the previous
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one, will not translate to an overall 12 or 24 months
gain in survival due to the most recent therapy com-
pared with no therapy. Conversely, four steps with level
I survival benefit each may translate to an overall level
II, or occasionally level III benefit for the newest regi-
men compared with the no treatment option. Some
cancers, such as breast cancer or colorectal cancer, may
have such a history of added incremental benefits.
Nevertheless, we still need to be cautious in claiming
large improvements. For most tumours, trials testing
the most recent, ‘state-of-the-art’ treatment against no
Table 1

Selected meta-analyses and randomised controlled trials for various interventions in advanced stage neoplastic disease
Year
 Neoplasia
 Intervention
 Trials (N)
 Median gaina
 P valuea
 Level
Meta-analyses of individual patient data
1998
 AML
 Idarubicin versus daunorubicin
 5 (1052)
 1 (10 versus 9)
 0.03
 I
1999
 CLL
 Any combination chemotherapy versus chlorambucil
 9 (1926)
 0 (58 versus 58)
 >0.10
 0
1997
 CML
 Alpha interferon versus chemotherapy
 7 (1554)
 20 (70 versus 50)
 <0.001
 III
2000
 CML, Ph+
 Hydroxyurea versus busulphan
 3 (690)
 7 (52 versus 45)
 0.1
 0
2001
 Multiple myeloma
 Alpha interferon
 24 (4012)
 4 (40 versus 36)
 0.01
 II
1998
 Multiple myeloma
 Combination chemotherapy versus melphalan+steroids
 20 (4930)
 0 (28 versus 28)
 0.6
 0
2001
 Breast cancer
 Tamoxifen+LHRH agonist versus LHRH agonist
 4 (506)
 6 (37 versus 31)
 0.02
 II
1992
 Colorectal cancer
 5-FU+leucovorin versus 5-FU
 9 (1381)
 1 (12 versus 11)
 0.51
 0
1998
 Colorectal cancer
 Intravenous versus bolus 5-FU
 6 (1219)
 1 (12 versus 11)
 0.039
 I
2000
 Colorectal cancer
 Any palliative chemotherapy
 13 (1365)
 4 (12 versus 8)
 <0.001
 II
1994
 Colorectal cancer
 5-FU+methotrexate versus methotrexate
 8 (1178)
 2 (11 versus 9)
 0.024
 I
1996
 Colorectal cancer
 Intra-arterial hepatic infusion
 7 (654)
 4 (15 versus 11)
 <0.001
 II
2002
 Glioma, high-grade
 Any chemotherapy
 12 (3004)
 1 (11 versus 10)
 <0.001
 I
1995
 Non-small cell lung cancer
 Cisplatin chemotherapy
 8 (778)
 2 (6 versus 4)
 <0.001
 I
1995
 Non-small cell lung cancer
 Chemotherapy+radiotherapy versus radiotherapy
 22 (3033)
 2 (13 versus 11)
 0.006
 I
1991
 Ovarian cancer
 Combination versus single non-platinum chemotherapy
 16 (3146)
 0 (13 versus 13)
 0.42
 0
1991
 Ovarian cancer
 Platinum combination versus single non-platinum
 11 (1136)
 2 (17 versus 15)
 0.3
 0
1998
 Ovarian cancer
 Platinum versus no platinum
 9 (1704)
 3 (19 versus 16)
 0.02
 I
1998
 Ovarian cancer
 Platinum combination versus single agent platinum
 9 (1095)
 2 (22 versus 20)
 0.21
 0
1998
 Ovarian cancer
 Cisplatin versus carboplatin
 12 (2219)
 0 (24 versus 24)
 0.66
 0
2000
 Prostate cancer
 Maximum androgen blockage
 27 (8275)
 1 (28 versus 27)
 0.11
 0
Randomised controlled trials
2000
 CLL
 Fludarabine versus chlorambucil
 1 (509)b
 10 (66 versus 56)
 >0.10
 0
Fludarabine+chlorambucil versus chlorambucil
 0 (55 versus 56)
 >0.10
 0
2002
 Lymphoma, DLBC
 Rituximab+CHOP versus CHOP
 1 (399)
 NEc (>36 versus 21)
 0.007
 III/IV
2000
 Breast cancer
 High-dose chemotherapy+stem cell versus chemotherapy
 1 (553)
 0 (24 versus 26)
 0.23
 0
2001
 Breast cancer
 Trastuzumab+chemotherapy versus chemotherapy
 1 (469)
 5 (25 versus 20)
 0.046
 II
2000
 Colorectal cancer
 Irinotecan+5-FU+leucovorin versus 5-FU+leucovorin
 1 (683)b
 2 (15 versus 13)
 0.04
 I
Irinotecan versus 5-FU+leucovorin
 0 (12 versus 13)
 >0.10
 0
2000
 Colorectal cancer
 Irinotecan+5-FU versus 5-FU
 1 (387)
 3 (17 versus 14)
 0.031
 I
2002
 Colorectal cancer
 Lokich regimen versus de Gramont regimen
 1 (905)b
 0 (10 versus 10)
 0.17
 0
Raltitrexed versus de Gramont regimen
 0 (9 versus 10)
 0.94
 0
2001
 Non-small cell lung cancer
 Docetaxel+cisplatin versus gemcitabine+docetaxel
 1 (441)
 0 (10 versus 10)
 0.58
 0
2002
 Non-small cell lung cancer
 Cisplatin+gemcitabine versus cisplatin+paclitaxel
 1 (1207)b
 0 (8 versus 8)
 >0.10
 0
Cisplatin+docetaxel versus cisplatin+paclitaxel
 0 (7 versus 8)
 >0.10
 0
Carboplatin+docetaxel versus cisplatin+paclitaxel
 0 (8 versus 8)
 >0.10
 0
2002
 Ovarian cancerd
 Paclitaxel+carboplatin versus standard chemotherapy
 1 (2074)
 1 (36 versus 35)
 0.74
 0
AML: acute myelogenous leukaemia; CLL, chronic lymphocytic leukaemia; CML, chronic myelogenous leukaemia; Ph+, Philadelphia chromosome-

positive; LHRH, luteinising hormone-releasing hormone; 5-FU: 5-fluorouracil; DLBC, diffuse large B-cell; CHOP, cyclophosphamide, doxorubicin,

vincristine and prednisone.
a The median gain is the difference (in months) of median survival derived from presented Kaplan–Meier plots (set as 0 when the experimental

arm performs worse than the control arm), the P value is based on the original analysis of the data in the meta-analysis or randomised controlled

trial.
b Sum of patients in all of the compared arms.
c Not estimable, since patients were not followed enough for median survival estimates (data pertain to survival of the 40th patient)
Table 2

Levels of median survival prolongation
Level
 Survival
Level 0
 No proven survival prolongation
Level I
 Up to 3 months survival prolongation
Level II
 >3–6 months survival prolongation
Level III
 >6–24 months survival prolongation
Level IV
 Over 24 months survival prolongation
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treatment may never be performed as they would be
considered unethical. Conversely, the uncertainty about
the median gain for each incremental step can be sub-
stantial and it adds up multiplicatively when several
incremental steps are considered. Thus, we need to tone
down on easy claims for major therapeutic advances,
and simply and quietly scrutinise the evidence one step
at a time.
Although we used meta-analyses of individual patient

data and randomised trials to illustrate the proposed
survival levels, this approach can be used with any kind
of research evidence. However, with smaller sizes, the
uncertainty about the level of incremental survival ben-
efit may be too large. Often, even with several hundreds
of patients, uncertainty may amount to at least one level
of survival benefit, occasionally even more.
This categorisation may also be expanded to the

appraisal of efficacy of therapeutic interventions in ear-
lier stage disease. For earlier stages, it may be preferable
to use the survival difference for the 40th or even 25th
percentile patient, since in most cases it is unlikely that
we will ever get enough follow-up to present the median
survival for patients with early-stage disease. The same
may be true for a few selected advanced stage malig-
nancies where the prognosis is already very good and
cure is a real probability, e.g. Hodgkin’s disease [13] and
germ cell tumours [14]. Regardless of the disease stage,
an estimate of how much time a patient has to gain
from selecting a specific treatment course over another
would be useful to acknowledge, both for individual
decision-making and for policy-making.
References

1. Bailar JC 3rd, Gornik HL. Cancer undefeated. N Engl J Med

1997, 336, 1569–1574.

2. Ioannidis JP, Lau J. Uncontrolled pearls, controlled evidence,

meta-analysis and the individual patient. J Clin Epidemiol 1998,

51, 709–711.

3. The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study

Group. The effect of vitamin E and beta carotene on the inci-

dence of lung cancer and other cancers in male smokers. N Engl J

Med 1994, 330, 1029–1035.

4. Hennekens CH, Buring JE, Manson JE, et al. Lack of effect of

long-term supplementation with beta carotene on the incidence of

malignant neoplasms and cardiovascular disease. N Engl J Med

1996, 334, 1145–1149.

5. Pignon JP, Hill C. Meta-analyses of randomised clinical trials in

oncology. Lancet Oncol 2001, 2, 475–482.

6. United States Department of Health and Human Services.

Agency for Health Care Policy and Research. Acute Pain Man-

agement: Operative or Medical Procedures and Trauma. Rock-

ville, MD, AHCPR, 1993, 107 [Clinical practice guideline No 1,

AHCPR publication No 9200023].

7. AML Collaborative Group. A systematic collaborative overview

of randomized trials comparing idarubicin with daunorubicin (or

other anthracyclines) as induction therapy for acute myeloid leu-

kaemia. Br J Haematol 1998, 103, 100–109.

8. Meta-analysis Group In Cancer. Efficacy of intravenous con-
tinuous infusion of fluorouracil compared with bolus adminis-

tration in advanced colorectal cancer. J Clin Oncol 1998, 16, 301–

308.

9. Stewart LA. Chemotherapy in adult high-grade glioma: a sys-

tematic review and meta-analysis of individual patient data from

12 randomised trials. Lancet 2002, 359, 1011–1018.

10. Ioannidis JP, Lau J. The impact of high-risk patients on the

results of clinical trials. J Clin Epidemiol 1997, 50, 1089–1098.

11. Ioannidis JP, Lau J. Completeness of safety reporting in rando-

mized trials: an evaluation of 7 medical areas. JAMA 2001, 285,

437–443.

12. Harbour R, Miller J. A new system for grading recommendations

in evidence based guidelines. Br Med J 2001, 323, 334–336.

13. Canellos GP, Anderson JR, Propert KJ, et al. Chemotherapy of

advanced Hodgkin’s disease with MOPP, ABVD, or MOPP

alternating with ABVD. N Engl J Med 1992, 327, 1478–1484.

14. Einhorn LH, Williams SD, Troner M, Birch R, Greco FA. The

role of maintenance therapy in disseminated testicular cancer. N

Engl J Med 1981, 305, 727–731.
References for meta-analyses presented in Table 1

1. AML Collaborative Group. A systematic collaborative overview

of randomized trials comparing idarubicin with daunorubicin (or

other anthracyclines) as induction therapy for acute myeloid leu-

kaemia. Br J Haematol 1998, 103, 100–109.

2. Klijn JG, Blamey RW, Boccardo F, et al. Combined tamoxifen

and luteinizing hormone-releasing hormone (LHRH) agonist

versus LHRH agonist alone in premenopausal advanced breast

cancer: a meta-analysis of four randomized trials. J Clin Oncol

2001, 19, 343–353.

3. CLL Trialists’ Collaborative Group. Chemotherapeutic options

in chronic lymphocytic leukemia: a meta-analysis of the rando-

mized trials. J Natl Cancer Inst 1999, 91, 861–868.

4. Chronic Myeloid Leukemia Trialists’ Collaborative Group.

Interferon alfa versus chemotherapy for chronic myeloid leuke-

mia: a meta-analysis of seven randomized trials. J Natl Cancer

Inst 1997, 89, 1616–1620.

5. Chronic Myeloid Leukemia Trialists’ Collaborative Group.

Hydroxyurea versus busulphan for chronic myeloid leukaemia:

an individual patient data meta-analysis of three randomized

trials. Br J Haematol 2000, 110, 573–576.

6. Advanced Colorectal Cancer Meta-Analysis Project. Modulation

of fluorouracil by leucovorin in patients with advanced colorectal

cancer: evidence in terms of response rate. J Clin Oncol 1992, 10,

896–903.

7. Meta-analysis Group In Cancer. Efficacy of intravenous con-

tinuous infusion of fluorouracil compared with bolus administra-

tion in advanced colorectal cancer. J Clin Oncol 1998, 16, 301–308.

8. Colorectal Cancer Collaborative Group. Palliative chemotherapy

for advanced colorectal cancer: systematic review and meta-ana-

lysis. Br Med J 2000, 321, 531–535.

9. Advanced Colorectal Cancer Meta-Analysis Project. Meta-ana-

lysis of randomized trials testing the biochemical modulation of

fluorouracil by methotrexate in metastatic colorectal cancer. J

Clin Oncol 1994, 12, 960–969.

10. Meta-Analysis Group in Cancer. Reappraisal of hepatic arterial

infusion in the treatment of nonresectable liver metastases from

colorectal cancer. J Natl Cancer Inst 1996, 88, 252–258.

11. Stewart LA. Chemotherapy in adult high-grade glioma: a sys-

tematic review and meta-analysis of individual patient data from

12 randomised trials. Lancet 2002, 359, 1011–1018.

12. Interferon as therapy for multiple myeloma: an individual patient

data overview of 24 randomized trials and 4012 patients. Br J

Haematol. 2001, 113, 1020–1034.

13. Myeloma Trialists’ Collaborative Group. Combination chemo-
J.P.A. Ioannidis, N. Pavlidis / European Journal of Cancer 39 (2003) 1194–1198 1197



therapy versus melphalan plus prednisone as treatment for mul-

tiple myeloma: an overview of 6,633 patients from 27 randomized

trials. J Clin Oncol. 1998, 16, 3832–3842.

14. Non-small Cell Lung Cancer Collaborative Group. Chemo-

therapy in non-small cell lung cancer: a meta-analysis using

updated data on individual patients from 52 randomised clinical

trials. Br Med J 1995, 311, 899–909.

15. Advanced Ovarian Cancer Trialists Group. Chemotherapy in

advanced ovarian cancer: an overview of randomised clinical

trials. Br Med J 1991, 303, 884–893.

16. Aabo K, Adams M, Adnitt P, et al, for the Advanced Ovarian

Cancer Trialists’ Group. Chemotherapy in advanced ovarian

cancer: four systematic meta-analyses of individual patient data

from 37 randomized trials. Br J Cancer 1998, 78, 1479–1487.

17. Prostate Cancer Trialists’ Collaborative Group. Maximum

androgen blockade in advanced prostate cancer: an overview of

the randomised trials. Lancet 2000, 355, 1491–1498.
References of randomised controlled trials presented in
Table 1

1. Stadtmauer EA, O’Neill A, Goldstein LJ, et al. Conventional-

dose chemotherapy compared with high-dose chemotherapy plus

autologous hematopoietic stem-cell transplantation for meta-

static breast cancer. N Engl J Med 2000, 342, 1069–1076.

2. Slamon DJ, Leyland-Jones B, Shaks, et al. Use of chemotherapy

plus a monoclonal antibody against HER2 for metastatic breast

cancer that overexpresses HER2. N Engl J Med 2001, 344, 783–

792.
3. Rai KR, Peterson BL, Appelbaum FR, et al. Fludarabine com-

pared with chlorambucil as primary therapy for chronic lympho-

cytic leukemia. N Engl J Med 2000, 343, 1750–1757.

4. Saltz LB, Cox JV, Blanke C, et al. Irinotecan plus fluorouracil

and leukovorin for metastatic colorectal cancer. N Engl J Med

2000, 343, 905–914.

5. Maughan TS, James RD, Kerr DJ, et al. Comparison of survival,

palliation, and quality of life with three chemotherapy regimens

in metastatic colorectal cancer: a multicentre randomised trial.

Lancet 2002, 359, 1555–1563.

6. Douillard JY, Cunningham D, Roth AD, et al. Irinotecan com-

bined with fluorouracil compared with fluorouracil alone as first

treatment for metastatic colorectal cancer: a multicentre rando-

mised trial. Lancet 2000, 355, 1041–1047.

7. Coiffier B, Lepage E, Briere J, et al. CHOP chemotherapy plus

rituximab compared with CHOP alone in elderly patients with

diffuse large-B-cell lymphoma. N Engl J Med 2002, 346, 235–

242.

8. Georgoulias V, Papadakis E, Alexopoulos A, et al. Platinum-

based and non-platinum-based chemotherapy in advanced non-

small-cell lung cancer: a randomised multicentre trial. Lancet

2001, 357, 1478–1484.

9. Schiller JH, Harrington D, Belani CP, et al. Comparison of four

chemotherapy regimens for advanced non-small-cell lung cancer.

N Engl J Med 2002, 346, 92–98.

10. The International Collaborative Ovarian Neoplasm Group.

Paclitaxel plus carboplatin versus standard chemotherapy with

either single-agent carboplatin or cyclophosphamide, doxo-

rubicin, and cisplatin in women with ovarian cancer: the ICON3

randomised trial. Lancet 2002, 360, 505–515.
1198 J.P.A. Ioannidis, N. Pavlidis / European Journal of Cancer 39 (2003) 1194–1198


	Levels of absolute survival benefit for systemic therapies of advanced cancera call for standards
	Introduction
	Methods
	Results and discussion
	References
	References for meta-analyses presented in Table 1
	References of randomised controlled trials presented in Table 1



