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Summary
This note provides a simple formula to calculate the probability of nodal involvement in
invasive breast cancer in women after obtaining a clear sample of axillary lymph nodes.
Two tables are provided to help medical practitioners. The formula is generic and can be
applied to other medical conditions. The note also gives a simple formula which
approximates the exact probability closely in many practical situations and has the very
simple interpretation as the product of false negative probability and prior odds.
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1. Introduction

It is well known that, internationally speaking, breast cancer is the most common cancer
among women and is the greatest cause of cancer deaths. In 2000 alone, more than one
million women were diagnosed (22% of all female cancer diagnoses) and 373 000 women
died (14% of all cancer deaths among women) of breast cancer.* The pathologic status of
the axilla plays a significant role in accurate prognosis for breast cancer patients. Suppose
that from the axillary tissue provided by the surgeon only 3 lymph nodes are found and
they all turn out to be clear. Should a further sample be taken?

In Forrest?, 3 or 4 nodes were used and a false negative probability of 10% was claimed.
Later Forrest et al.® reported the results of a study conducted in Cardiff involving 417
patients concerning the impact of 4-node sample on breast cancer management. Since
then the method has apparently become one of the standard procedures in the UK,
Denmark and perhaps elsewhere. Now, how closely should we adhere to the four-node-
axillary-sampling scheme? Answers to this question as well as the earlier question and
other similar questions are relevant in breast cancer management. For this purpose, we
need the probability of axillary lymph node involvement after an n-node sample has been
declared negative.

! Parkin DM, Bray FI, Devesa SS. (2001). Cancer burden in the year 2000. The global picture. Eur J
Cancer, 37, S4-S66.

% Forrest, A.P.M., Stewart, H.J., Roberts, M.M. and Steele, R.J.C. (1982). Simple mastectomy and axillary
node sampling (pectoral node biopsy) in the management of primary breast cancer. Ann. Surg., 196, 371-
377.

3 Forrest, A.P.M., Everington, D, McDonald, C., Steele, R.J.C., Chetty, U. and Stewart, H.J. (1995). The
Edinburgh randomized trial of axillary sampling or clearance after mastectomy. Brit. J Surg, 82, 1504-
1508.



2. A simple formula

For events A and B, let Pr(A) and Pr(A|B) denote respectively the probability of A and the
conditional probability of A given B. Let NI denote the event of nodal involvement and n-
denote the event that a sample of n nodes is declared negative. Thus, Pr(n-|NI) is the false
negative probability, i.e. the probability that a sample of n axillary lymph nodes is
declared negative while there is in fact nodal involvement. Before axillary sampling, the
oncologist/physician usually has some idea, one way or the other, of the prior probability,
Pr(NI), of nodal involvement. This information can be utilized and its value can be
updated after axillary sampling to what is called the posterior probability of nodal
involvement and is denoted by Pr(NI|n-). Specifically, the updating formula is as follows
(assuming that Pr(n-) > 0 and Pr(NI)>0).

Pr(NIjn-) =Pr(n-|NI) x Pr(NI) /K,

where K = Pr(n-) = [1 — Pr(ND)] x 1 + Pr(NI) x Pr(n-|NI) . To prove the updating
equation, we only need to notice that by the definition of conditional probability

Pr(NI|n-) x Pr(n-) = Pr(n-|NI) x Pr(NI) = Pr(NI and n-),
and

Pr(n-)=Pr(n-|NI) x Pr(NI) + Pr(n-|not NI) x Pr(not NI),
where Pr(n-|not NI) is clearly equal to 1 and Pr(not NI) =1 — Pr(NI).
Denote Pr(NI) / Pr(not NI) as the prior odds of nodal involvement. If Pr(n-|NI) x prior

odds is smaller than one, which is often the case, the posterior probability may be closely
approximated by the following formula.

Pr(NI|n-) ~ Pr(n-|NI) x Prior odds.

In words, the posterior probability of nodal involvement is approximately equal to
the product of the false negative probability and the prior odds (if the product is less
than one).

From this approximate value, we can get the exact value very quickly: we only need to
divide the approximate value by 1 plus the approximate value.

3. Implementation of the formula

To implement the formula, we need some reliable results for both the false negative
probability, Pr(n-|NI), and the prior probability of nodal involvement, Pr (NI). For the




false negative probability, Tanaka et al.* conducted a study in 2006 on 237 primary
breast cancer patients at stages | and 11 prospectively and found Pr(n-|NI) to be about 7%
when n = 4. A separate prospective study was reported by Cserni® based on records and
slides of patients who all had axillary clearance. He ranked the nodes of each patient in
descending order by size and firmness. He then observed that by looking at the first 3
nodes, the first 4 nodes, the first 5 nodes and the first 6 nodes, the false negative
probabilities are 11%, 6%, 5% and 3% respectively. Note the similarity between Cserni's
result and the result obtained by Tanaka et al. above for the case n = 4. In what follows,
we make the assumption that the surgeon usually removes the most palpable nodes using
his/her experience. For the prior probability, the medical practitioner can, of course, use
his/her own experience to assign a value between 0 and 1. As one of many possibilities,
we give Table 1 below, which is based on the three-variable model fitted by Olivotto et
al.®, with a minor modification in order to avoid a prior probability of value 0 or 1.

Table 1: Prior probability, Pr(NI), of axillary nodal involvement befo*re axillary
sampling, expressed in terms of number of breast cancer patients per 100 .
(LVI=lymphovascular invasion)

Tumour Size (in mm.)
0~5 6~10 11~15 16~20 21~25 26~30 31~50 51~100

LVI absent

Can you feel the tumour?

No 4 11 12 10 20 33 57 67
Yes 6 13 19 20 30 27 34 65
Yes; axillary nodes too 50 75 93 80 70 71 77 93
LVI present

Can you feel the tumour?

No 5 18 30 39 42 33 50 95
Yes 23 28 37 49 65 67 66 77
Yes; axillary nodes too 98 98 98 92 90 96 98 98

% Tanaka, K., Yamamoto, D., Kanematsu, S., Okugawa, H. and Kamiyama, Y. (2006). A
four node axillary sampling trial on breast cancer patients. Breast. 15, 203-209.

> Cserni, G. (1999). The reliability of sampling three to six nodes for staging breast
cancer. J. Clinical Pathology, 52, 681-683.

® Olivotto, I. A., Jackson, J.S.H., Mates, D., Andersen, S., Davidson, W., Bryce, C.J. and

Ragaz, J. (1998). Prediction of axillary lymph node involvement of women with invasive
breast carcinoma. Cancer, 83, 948-955.

" The cell entries can also be read as percentages so that typically the first cell means that the prior
probability is 4%.



For example, a female patient without LVI who can feel her tumour, which turns out to
be of size 18mm, is given a prior probability of 20%, by Table 1, of having nodal
involvement. This figure is an initial estimate and is by its nature quite rough. Note that
the prior odds is thus 20% + 80%, i.e. ¥. We shall come back to this prior odds later.

To refine the estimate, we can apply the updating formula derived above. Table 2 below
is constructed to aid the medical practitioner. For example, for the female patient in the
above example, if only 3 nodes have been removed and they turn out to be negative, then
her posterior probability of nodal involvement is given by Table 2 to be 3%. We can,
without using Table 2, arrive at practically the same figure by applying the approximate
formula above: we note that the false negative probability is in this case 11% and the
prior odds is ¥4, giving a product of 2.75%, or 3% after rounding.

Now, the posterior probability drops to 1% if, in fact she has a negative 5-node sample,
which could arise, for example, as a result of the pathologist, say, subsequently finding
two more lymph nodes in the tissue and they turn out to be negative too.

As a further example, Table 2 shows that the posterior probabilities of nodal involvement
for a patient with prior probability of 10% are all equal to 1%, if her sample of n nodes is
declared negative, for n = 3, 4 and 5. This information might be useful to the medical
team, for example, to decide how many lymph nodes to be removed, bearing in mind the
possible physical and psychological side effects on the patient caused by their removal.
The general idea is that a smaller surgical cut is less likely to cause side effects than a
bigger cut.



Table 2: Posterior probability, Pr(NI|n-), of axillary nodal involvement after axillary
sampling, expressed in terms of number of breast cancer patients per 100.

Number of nodes sampled and found to be
clear
3 4 5 6
Prior probability of axillary nodal
involvement expressed as number of
patients per 100
5 1 0 0 0
10 1 1 1 0
15 2 1 1 1
20 3 2 1 1
25 4 2 2 1
30 5 3 2 1
35 6 4 3 2
40 7 4 3 2
45 8 5 4 2
50 10 7 5 3
55 12 8 6 4
60 14 10 7 4
65 17 12 8 5
70 20 14 10 7
75 25 17 13 8
80 31 22 17 11
85 38 28 22 15
90 50 39 31 21
95 68 57 49 36
100 100 100 100 100




4. Conclusions

It is hoped that the simple formula developed in this note will help medical practitioners
in their breast cancer management. It should help them in addressing issues such as the
optimal size of the axillary sample, as well as highlighting the useful role of a well
informed prior probability. Of course, if an ideal medical test is widely available which
has zero false negative probability, then the formula will not be necessary because zero
false negative probability implies zero posterior probability.

The formula can also be applied to a general medical condition, as long as the false
negative probability is known about the test designed to test the presence of the
condition. Denoting the medical condition by M and a negative result of the test by T-, we
only need to replace NI by M and n- by T- in the formula. The formula can be easily
extended to cover the case of two statistically independent tests by treating the posterior
probability from one test as the prior probability for the other. The order of the test is
immaterial as far as probability calculation is concerned. Medical considerations might
dictate the order, however. Clearly the same argument can be extended to cover the case
of more than two statistically independent tests.
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