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The prediction of patient prognosis has always been essential
to the practice of medicine. By the early 20th century, Halsted
(1) and others believed that solid tumors spread contiguously
over time through a series of stages, from the primary tumor site,
through the lymphatics, to distant organs, with each stage con-
ferring an increasingly poor prognosis. A corollary of this view,
supported by later research, was that, at diagnosis (clinical
tumor–node–metastasis [TNM] stage) or after surgery (patho-
logic TNM stage), tumor size or location (T), regional lymph
node involvement (N), and distant metastases (M) were indices
of disease spread and could be used to predict patient outcome.

In 1953, the French surgeon Pierre Denoix proposed to the
Union Internationale Centre le Cancer that these three factors be
standardized and integrated into a prognostic system that could
be used, with some accommodation for anatomic site, across all
solid tumors(2). His proposal for a common language of solid
tumor prognosis was adopted as the TNM staging system, which
is currently used throughout the world. The TNM system has
undergone six revisions and, in the United States, these changes
have been guided by the American Joint Committee on Cancer
(AJCC), which was established in 1959 and which has published
a succession of revisions of itsAJCC Cancer Staging Manual (3).

The TNM staging system is a “bin model”; the TNM prog-
nostic factors are used to create a mutually exclusive and ex-
haustive partitioning of patients, so that every patient is in one
and only one bin, and the bins are grouped together into larger
bins called stages(4). It uses the mean survival of the patients
already in the bin to predict what will happen to a new patient
placed in that bin. For example, if a new patient is placed in the
{T1, N0, M0} bin, then that patient’s 5-year disease-specific
survival is predicted to be the same as the mean survival of all
the patients who were placed in that bin 5 years ago. The utility
of the system arises from its ability to order patients by a
decreasing probability of survival. It can be used for selecting
patients for therapy and for providing patients with an estimate
of their prognosis.

Until the sixth edition(3), the TNM stages for colon cancer
had not changed substantially in 35 years. The stages in the first
AJCC staging manual, published in 1976(5), were virtually
identical to those in the fifth edition(6), except for T2 having
moved from stage II in the first edition to stage I by the fifth
edition. In this issue of the Journal, O’Connell et al.(7) report
that the sixth edition of theAJCC Cancer Staging Manual is
substantially different from the fifth edition in terms of stages II
and III. In the fifth edition, stage II was composed of the bins
{T3, N0, M0} and {T4, N0, M0}. In the sixth edition, stage II is
divided into two substages—IIa, which is the bin {T3, N0, M0},
and IIb, which is the bin {T4, N0, M0}. This change indicates
that IIb patients will, on average, have a worse prognosis than
stage IIa patients and a better prognosis than stage IIIa {T1–T2,

N1, M0} patients. What O’Connell et al. found was that IIb
patients had a worse prognosis than IIIa patients. This finding
violates the rules of the stage model upon which the TNM
system is based. The use of the colon cancer staging in the sixth
edition may result in uncertain clinical trials and potentially
incorrect patient therapy. Therefore, until the advent of the
seventh edition, clinicians and researchers should not use the
sixth edition’s colon cancer staging; rather, they should rely on
the fifth edition, and the AJCC should insert an erratum into the
sixth edition.

Why did this problem arise? The TNM staging system is
based on a temporal model. It assumes the contiguous spread of
disease over time (temporal determinism), and it measures time.
If a bin with a better prognosis is placed below a bin with a
worse prognosis, the result will be the observed crossover in
prognosis. How might this temporal error occur? The TNM
staging system does not provide information regarding the nat-
ural history of the cancer. Rather, it has, since its inception, been
a surgical system. The ordering of the patients assumes that all
the patients will undergo surgery and no other therapy. The
ordering does not take into account which patients received
chemotherapy. If one places, in a separate bin, T4 colon cancer
(stage IIb), and if there were an effective adjuvant therapy for
lymph node–positive (stage IIIa) colon cancer, then the worse
survival of the stage IIb and the improved survival of thestage
IIIa patients could result in the observed survival crossover.

The future utility of the TNM staging system depends on its
ability to deal with the increase in population screening for
cancer, the discovery of new therapies, and the use of the new
molecular (genomic and proteomic) biomarkers. First, the pre-
dictive accuracy of the TNM system depends on patients pre-
senting across the entire temporal range of the disease. Because
the system depends on the temporal progression of tumors for its
predictive accuracy, anything that reduces the temporal dimen-
sion reduces its accuracy. The early detection of disease because
of screening results in a shift in populating the stages to earlier
disease so that the majority of patients are in stage I or at most
stages I and II. This stage compression reduces the accuracy of
the TNM staging system.

Adding to the stage compression problem are the trends of
very small surgical specimens and to neoadjuvant therapy. Both
these changes in the clinical approach to disease further reduce
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the size of tumors, the detection of nodal metastases, and the
accurate grading of tumors due to changes in histology. Further,
the viability of the temporal model has been called into question
by empirical data; for example, some patients with small tumors
and no evidence of lymph node involvement die of their disease
earlier than patients who present with more advanced disease (8).

Second, the TNM staging system does not take into account
neoadjuvant therapy, antihormonal therapy, chemotherapy, or
the new, targeted, monoclonal molecular therapies. Thus,
changes in survival related to these therapies are not reflected in
the TNM stages. For the TNM system to incorporate new
therapies into its stages, it must stratify by therapy (9). Unfor-
tunately, adding additional bins for each therapy will cause an
exponential increase in the number of bins and in the number of
patients required to populate the bins. If staging does not incor-
porate new therapies, it will not be useful in predicting patient
outcomes beyond what is predicted to happen if the patient
undergoes only surgery.

Third, the TNM staging system has difficulty dealing with
continuous biomarkers and adding new biomarkers. It has been
shown that a computer-based statistical program that allows the
T and N variables to remain continuous is more accurate statis-
tically signficant at predicting 5- and 10-year disease-specific
survival for breast and colon cancer than the TNM staging
system (10). Further, it is not clear how the TNM staging system
would accommodate nonlinear or interactional biomarkers. In
addition, just as stratifying by treatment leads to a proliferation
of bins, so too does the addition of biomarkers. For example, if
one adds to the TNM stages for colon cancer tumor location
(eight anatomic locations) and histologic grade (four grades),
one would increase the number of bins from 30 bins (6) (5 T �
3 N � 2 M � 30) to a number that could range from a minimum
of 180 bins (30 � 3 locations � 2 high/low grades � 180) to a
maximum of 960 bins (30 � 8 locations � 4 grades � 960).
Because the primary utility of the TNM staging system is its
simplicity, it is a “ look-up” table in which one looks up the stage
of disease; the organization and use of a system with 180–960
bins is an impossible task. This problem is compounded by our
need to add new molecular biomarkers.

We must move from a model of temporal determinism to one
of biological determinism. Carcinogenesis is not defined by what
stage the patient is in at detection but rather by the molecular
(genomic and proteomic) characteristics of the tumor and the
host. Biological determinism takes the view that the anatomic
location of the disease at detection is more related to our meth-
ods of detection than to the tumor itself. Thus, all patients are at
risk of metastatic disease; some are further along a biological
metastatic pathway at detection than others. In this view, treat-
ment should be driven by the molecular biology of the tumor or
host and not the tumor’s location at detection.

Clinical medicine desperately needs to be able to answer
three questions (11). 1) Does this individual patient need any
therapy; i.e., is the natural history of the disease sufficiently poor
to warrant therapy? 2) If this patient has a poor prognosis
without therapy, which therapy, combination of therapies, or
succession of therapies will provide the highest probability of
survival and the best quality of life? This point requires discov-
ering new therapies and finding therapy-specific prognostic fac-
tors that predict an individual’s response to the therapy. 3) What
toxic effects and side effects will this patient experience with
each therapy, and are there any measures that can be taken to
mitigate or eliminate these therapeutic harms? These questions
cannot be answered by the current TNM staging system. Per-
sonalized medicine, to be clinically relevant, requires validated
molecular biomarkers that can be combined in a computer-based
system (4) that provides individual-patient therapy predictions.
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