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The distinction between mycosis fungoides (MF) and
inflammatory dermatoses (ID) by clinicopathologic
criteria can be challenging. There is limited informa-
tion regarding the performance characteristics and
utility of TCRG and TCRB clonality assays in diagnosis
of MF and ID from paraffin-embedded tissue sections.
In this study, PCR tests were performed with both
TCRG and TCRB BIOMED-2 clonality methods fol-
lowed by capillary electrophoresis and Genescan
analysis using DNA samples from 35 MF and 96 ID
patients with 69 and 133 paraffin-embedded speci-
mens, respectively. Performance characteristics were
determined for each test individually and in combi-
nation. TCRG and TCRB tests demonstrated identical
sensitivity (64%) and specificity (84%) when analyzed
as individual assays. The positive predictive value,
negative predictive value, and change of posttest MF
probability over a range of MF pretest probabilities
were obtained. These data were used to construct an
algorithm for sequential use of TCRG and TCRB. As
single tests, commercially available BIOMED-2 PCR-
based TCRG and TCRB clonality tests on paraffin-em-
bedded tissue have no significant difference in terms
of sensitivity and specificity. Combined use of the two
tests in patients with intermediate pretest probabil-
ities as proposed in the algorithm could improve
test utility. (J Mol Diagn 2010, 12:320-327: DOI:
10.2353/jmoldx.2010.090123)

Mycosis fungoides (MF) is the principle form of cutane-
ous T-cell lymphoma and accounts for nearly 50% of all
primary cutaneous lymphomas.” In a proportion of cases,
especially during the early stages, it is difficult to distin-
guish MF from some reactive inflammatory dermatoses
(ID) clinically and histopathologically, and thus a defini-
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tive diagnosis is often preceded by a variably long pe-
riod. Based on the fact that the tumor cells of lymphomas
harbor identically (clonally) rearranged T-cell receptor
genes whereas reactive skin disorders consist of cells
with polyclonal T-cell receptor genes,? T-cell receptor
clonality testing is commonly performed on cases of sus-
pected MF as an ancillary study to provide additional
evidence for diagnosis.

The BIOMED-2 collaborative study developed multi-
plex PCR assays for the detection of clonally rearranged
TCR genes, which make interlaboratory comparison pos-
sible. Because of the restricted repertoire of V and J
segments of TCRG locus and the existence of TCRG
recombination in both TCRy8 and TCRaB clonal T-cell
proliferations as a result of the chronological order of TCR
gene rearrangements in T-cell progenitors,® PCR clonal-
ity assay of TCRG is the test most often performed in most
clinical diagnostic laboratories.

The BIOMED-2 group reported an 89% rearrangement
rate of the TCRG gene and 94% of the TCRB gene in
T-cell malignancies in 2003.* In 2006, Morgan et al used
the BIOMED-2 PCR primers to examine 10 early-stage
MF cases and 10 late-stage MF or Sezary syndrome cases
with either fresh or paraffin-embedded tissue specimens.
They reported a high frequency of clonally rearranged
TCRG (17/20) and TCRB (15/20) genes.® However, the cur-
rently available data on the sensitivity and specificity of
BIOMED-2 TCRB clonality assay in testing paraffin-embed-
ded skin tissue of MF is limited and from small datasets.

Rigorous test performance assessment is required to
determine the utility of clonality testing in skin biopsies.
Monoclonality is occasionally found in some benign cu-
taneous lymphocytic infiltrates and can be detected in
only approximately 50% to 66.6% of early MF lesions.®”
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Langerak et al reported a 75% rate of polyclonality, 15%
rate of oligoclonality, and 10% rate of monoclonality in
frozen tissue specimens with reactive lymphoprolifera-
tions using BIOMED-2 Ig/TCR clonality assessment.? Dis-
tinguishing early-stage MF from inflammatory dermato-
ses remains a major challenge in dermatopathology.
Improving the accuracy of TCR clonality test and maxi-
mizing its utility in the differential diagnosis of MF and 1D
is still a topic under investigation. Several approaches
have been proposed, including comparison of TCRG
PCR results at several involved skin sites from the same
patient or serial analysis of skin biopsies over the course
of disease.® "' An alternative approach is to test the
TCRB gene.'® The BIOMED-2 group reported that the
addition of TCRB rearrangements as PCR targets in-
creased the clonality detection rate to 94% using frozen
or fresh specimens of T-cell malignancies.'® Although the
combined use of TCRG and TCRB clonality assessments
seems a promising idea to help increasing test sensitivity,
no large-scale comparison of the BIOMED-2 TCRG and
TCRB clonality assays, which tests paraffin-embedded
skin tissue from MF and ID patients, has been reported.

In this retrospective study, we aimed to (1) determine
the performance characteristics of TCRG and TCRB
clonality tests (as single test or combined tests) using
BIOMED-2 primers in paraffin-embedded skin sections in
terms of concordance, sensitivity, and specificity; (2) cal-
culate positive predictive value as well as negative pre-
dictive value over a range of pretest probabilities; and (3)
based on these results develop an evidence-based strat-
egy for use of the two TCR clonality assays in paraffin
embedded skin specimens.

Materials and Methods

Case Selection and Patient Follow-Up

A total of 202 paraffin-embedded skin biopsies from 131
patients (35 patients diagnosed as MF and 96 patients
diagnosed as ID) were obtained from Stanford Hospital.
Cases were included based on the availability of paraffin-
embedded tissue for TCR clonality analysis during 1997
to 2006. This research was approved by Institutional
Review Board of Stanford University. Both TCRG and
TCRB clonality tests using BIOMED-2 primers were per-
formed on each specimen. We were able to obtain clin-
ical follow-up information for a total of 72 patients in the
study, and the overall follow-up time ranged from 0.5 to
131 months with a median of 30 months. Of the 35 MF
patients in the study, the follow-up information was avail-
able for 29 patients with the follow-up time ranging from
0.5 to 88 months and a median of 33 months. Clinical
information was also obtained on the patients with inflam-
matory dermatoses to ensure that they did not ultimately
develop mycosis fungoides. Of the 96 ID patients in the
study, the follow-up information was available for 43 pa-
tients with the follow-up time ranging from 0.5 to 131
months and a median of 31 months.
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Specimen Processing and DNA Extraction

The standard protocol of DNA extraction from paraffin-
embedded tissue in the Stanford Molecular Pathology
Lab was used in the study. Four to ten 20-um sections
were cut from each of the paraffin blocks and placed into
1.5-ml microcentrifuge tubes. Histoclear (National Diag-
nostics, Atlanta, GA) was added to each tube three times
to remove the paraffin followed by two times of ethanol
wash. The tissue pellets were dried completely on a 65°C
heat block before Protein K buffer solution was added
into each tube. The tissue specimens were incubated
overnight at 62°C. The digestion was stopped by immers-
ing the tubes in boiling water for 8 minutes. Agarose gel
electrophoresis was performed to assess the DNA quality
and concentration.

Multiplex PCR

TCRG and TCRB rearrangements were studied using the
commercially available BIOMED-2 multiplex PCR assays
manufactured by InVivoScribe Technologies (San Diego,
CA) and the BIOMED-2 PCR protocol.* The final 50-ul
reaction volume includes 45-ul master mix (A, B, or C for
TCRB; A or B for TCRG), 2U of Tag Gold (Applied Bio-
systems, Foster City, CA), and 100 to 200 ng of DNA. The
PCR reactions were performed on ABI 9700 thermal cy-
clers. The amplification parameters were suggested by
Invivoscribe assay as follows: initial denaturation for 7
minutes at 95°C, followed by 35 cycles of 45 seconds at
95°C, 45 seconds at 60°C, and 90 seconds at 72°C, with
a final extension step of 10 minutes at 72°C.

Differential Fluorescence Detection on ABI 3100
(Genescan)

PCR product (1 ul) was added into the appropriate well of
a 96-well PCR plate. Thaw Hi-Di formamide (11 ul, Ap-
plied Biosystems, Forster City, CA) and GeneScan-500
Rox size standard (1 ul) were prepared for each PCR
product. The freshly prepared formamide with size stan-
dard was added into each well and mixed with PCR
product. The plate was sealed with rubber plate septa
and placed at 95°C for 2 minutes to denature, then the
samples were placed on ice to snap chill for at least 5
minutes before being loaded to the analyzer.

Reaction Controls

DNA extracted from paraffin-embedded tissue speci-
mens is frequently of moderate to poor quality and might
contain PCR inhibitors. Consequently, it is essential to
evaluate the integrity and amplifiability of DNA extracted
from paraffin-embedded tissues.* The multiplex control
gene tube is included in both TCRG and TCRB assays
with PCR products of 100, 200, 300, 400, and 600 bp. At
least 300-bp control PCR products were required for a
test to be included in the analysis. Besides the control
tube for each sample, we set up four additional groups of
controls:
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1. Positive control: DNA containing a clonal TCRG/
TCRB gene rearrangement from a previously posi-
tive clinical sample or cell line. Two cell line DNA
samples are provided with the clonality Kit.

2. Sensitivity control: Positive (clonal) control provided
with the assay reagents (peer cell line), diluted to
2% to 5% with polyclonal DNA.

3. Negative (polyclonal, normal) control: DNA extracted
from nonclonal lymphoid-rich tissue such as tonsil,
lymph node, or peripheral blood lymphocytes.

4. Blank control: PCR water used in place of any tem-
plate DNA.

Result Interpretation

Test results of all samples were independently inter-
preted by three pathologists who were blinded to the
patients’ histological or clinical information. Monoclonality
was defined as one or two predominant peaks (equal or
greater than two times the height of polyclonal back-
ground) within the appropriate size range. Oligoclonality
was defined as three or more predominant peaks within
the appropriate size range. Polyclonal pattern was con-
sidered to be negative.

Results

The 202 investigated paraffin-embedded specimens
were collected from 131 patients who had a final diag-
nosis of either MF or ID. Among the 35 MF patients, there
were 8 patients with 1 biopsy, 23 patients with 2, and 4
patients with 3 or more. Among the 96 ID patients, there
were 66 patients with 1 biopsy, 24 patients with 2, and 6
patients with 3 or more. The reactive skin disorders in-
cluded in the study and the numbers of their correspond-

Table 1. Reactive Skin Disorders Included in the Study

Number of Number of

Reactive skin disorder patients samples

Actinic reticuloid

Arthropod bite reaction

Gyrate erythema

Interface dermatitis

Lichen planus

Lichen sclerosus

Lichenoid dermatitis

Lichenoid drug eruption

Lupus

Morphea

Pigmented purpuric eryption

Pityriasis lichenoides et
varioliformis acuta

Psoriasis

Spongiotic dermatitis

Superficial perivascular dermatitis

Dermatitis, NOS

Drug eruption

Small plague parapsoriasis

Eczematous dermatitis

Hypersensitivity reaction

Erythema nodosum

Total
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Table 2. Correlation between TCRG and TCRB Test Results
TCRG

Monoclonal Polyclonal Oligoclonal Total

TCRB
Monoclonal 43 22 1 66
Polyclonal 21 107 0 128
Oligoclonal 2 0 6 8
Total 66 129 7 202

Concordance rate of TCRG and TCRB assays = (43 + 107 +
6)/202 = 77.2%.

ing biopsies are listed in Table 1. The results of the two
tests are summarized as a 3 X 3 contingency table in
Table 2. The overall concordance rate of the two assays
was 77.2%.

There are two ways to interpret results from the com-
bined use of TCRG and TCRB clonality studies: requiring
both tests to be monoclonal before calling a final positive
result, or calling a positive result when either test is mono-
clonal. With the former approach, the test sensitivity for
MF would drop to 49% and the specificity would increase
to 93%; with the latter approach, the sensitivity would
increase to 78% with the specificity dropping to 74%.

Table 3 shows the numbers of positive and negative
results as well as test sensitivity and specificity by differ-
ent ways of interpreting oligoclonal pattern. If an oligo-
clonal pattern is interpreted as negative for clonality,
TCRG and TCRB tests when used alone, detected the
same number of positive samples and thus had the same
sensitivity (64%) and specificity (84%); although there
was an overlap of the positive samples from the two tests,
they were not identical. Alternatively, because the inter-
pretation of oligoclonal pattern remains a gray area, we
also calculated the sensitivity and specificity in Table 3
when oligoclonal pattern is interpreted as positive for
clonality. In this cohort, oligoclonality was highly associ-
ated with MF, and interpreting oligoclonality as positive
resulted in an approximately 10% increase in sensitivity
with virtually no change in the specificity.

Results by T-Classification

Of the 69 MF samples, T-classification information (T-
classification system: T1, patches/plaques <10% body
surface area; T2, patches/plaques =10% body surface
area; T3, tumors, rounded, or dome-shaped lesions >1
cm in diameter; T4, generalized erythroderma, >80% of
body surface is affected) was available for 44 samples,
as shown in Table 4. Among the 10 samples from T1 MF
patients, 3 were detected by the TCRG test and 6 were
detected by TCRB test. There was an overlap of two
samples with positive results between the two tests, and
thus a total of seven were detected with the combination
of the two tests. Eleven samples were from patients with
T2 MF, among which ten were monoclonal by TCRG and
seven were monoclonal by TCRB. The seven samples
detected as positive by TCRB were all detected as pos-
itive by TCRG, and the combined use of the two tests did
not lead to a higher sensitivity. The T3 MF group included
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Classification

of oligoclonal  Clonality test(s) Test Definitions of “positive” and
pattern used interpretation “negative” #of MF # of ID Sensitivity Specificity
As negative  TCRG alone Positive Monoclonal 44 22 64% 84%
Negative Oligoclonal or polyclonal 25 111
TCRB alone Positive Monoclonal 44 22 64% 84%
Negative Oligoclonal or polyclonal 25 111
TCRG and TCRB Positive Both tests are monoclonal 34 9 49% 93%
Negative At least one test is not monoclonal 35 124
TCRG and TCRB Positive At least one test is monoclonal 54 35 78% 74%
Negative Neither test is monoclonal 15 98
As positive  TCRG alone Positive Monoclonal or oligoclonal 51 22 74% 84%
Negative Polyclonal 18 111
TCRB alone Positive Monoclonal or oligoclonal 51 23 74% 83%
Negative Polyclonal 18 110
TCRG and TCRB Positive Both tests are monoclonal or 40 9 58% 93%
oligoclonal
Negative At least one test is polyclonal 29 124
TCRG and TCRB Positive At least one test is monoclonal or 62 36 90% 73%
oligoclonal
Negative Both tests are polyclonal 7 97
Total # 69 133

15 samples, and TCRG and TCRB detected 11 and 9
samples, respectively. Again, the nine samples with positive
TCRB results were all positive for TCRG so that the com-
bined use of the two assays did not impact the sensitivity.
For the eight samples from patients with T4 MF, TCRG and
TCRB detected the same 6 samples, and the combined use
of the two assays did not increase the sensitivity.

Test Concordance

Using TCRG as the initial test and TCRB as an additional
test showed that TCRB contributed equally in accurate
and inaccurate results (see Supplemental Table S1 at
http://jmd.amjpathol.org). In the MF group, among the 44
samples with positive TCRG results, 34 (77%) also had
positive TCRB results, whereas 10 (23%) had negative
TCRB results; among the 25 samples of MF with negative
TCRG results, 15 (60%) also had negative TCRB results,
whereas 10 (40%) were positive by TCRB analysis. In the
ID group, among the 22 samples with positive TCRG re-
sults, 9 (41%) were also positive for TCRB, whereas 13
(59%) were TCRB negative; among the 111 ID samples with
negative TCRG results, 98 (73.7%) were also negative by
TCRB, whereas 13 (9.8%) had positive TCRB results.

Table 4. TCR Clonality Results and T-Classification of MF

Test Ultility/Predictive Value

The positive predictive value (PPV) and 1 — negative
predictive value (1-NPV) were determined under different
pretest probabilities as presented in supplemental Table
S2 (http://jimd.amjpathol.org). The calculations of PPV and
NPV combined three estimates of test sensitivity, test
specificity, and the patients’ pretest probability as de-
scribed in previous literature.''® For each pretest prob-
ability, three ways of test interpretation were listed:
calling positive when using TCRG or TCRB as a single
test, calling positive only when both tests are positive,
and calling positive when at least one test is positive.
Both the PPV and 1-NPV (posterior probability of dis-
ease given a negative result) values increase as pre-
test probability increases in all three ways of interpre-
tation, with “both positive” as the highest value and “at
least one positive” as the lowest value. The relation-
ships between pretest MF probability and PPV/1-NPV
are plotted in Figure 1, A-C.

The relative changes of MF probability when TCRG
and TCRB tests are used alone and together with differ-
ent diagnostic cut-offs are shown in Figure 2. The three
curves plot the change in MF probability as a function of

T-classification TCRG (positive/total) TCRB (positive/total) TCRG and TCRB* (positive/total)  TCRG or TCRB' (positive/total)

T 3/10 (30%) 6/10 (60%)
T2 10/11 (90.9%) 7/11 (63.6%)
T3 11/15 (73.3%) 9/15 (60%)
T4 6/8 (75%) 6/8 (75%)
MF (total) 30/44 (68.2%) 28/44 (63.6%)

2/10 (20%) 7/10 (70%)
7/11 (63.6%) 10/11 (90.9%)
9/15 (60%) 11/15 (73.3%)

6/8 (75%) 6/8 (75%)
24/44 (54.5%) 34/44 (77.3%)

T-classification system: T1, patches/plagues <10% body surface area; T2, patches/plaques =10% body surface area; T3, tumors (rounded or
dome-shaped lesions >1 cm in diameter); T4, generalized erythroderma (>80% of body surface is affected).
*A final positive test result was called for a certain sample when both TCRG and TCRB tests were positive, and a final negative test result was

called when at least one test was negative.

TA final positive test result was called for a certain sample when at least one test was positive, and a final negative test result was called when both

tests were negative.
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Figure 1. Plots showing relationships between pretest MF probability and
PPV/1-NPV when TCRG and TCRB tests are used alone and together with
different interpretations. x axis: Pretest probability of MF; y axis: PPV or
(1-NPV). A: TCRG and TCRB tests when used alone had the same PPV and
1-NPV, so they are presented as the same plots here. B: Combined use of
TCRG and TCRB: positive result was called only when both tests were
positive, and a negative result when either test was negative. C: Combined
use of TCRG and TCRB: positive result was called when at least one test was
positive, and a negative result when both tests were negative.

the pretest probability and test result. Over the range of
pretest probability from 0.01 to 0.95, the “both positive”
testing method increases MF probability most dramati-
cally, the “TCRG or TCRB alone” method comes next, and
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the “at least one positive” method causes the least in-
crease in MF probability. It can also be observed from
Figure 2 that the largest increase in MF probability after a
positive test result occurs when pretest probability
ranges from 0.15 to 0.50. The largest decrease in MF
probability after a negative test result occurs when pre-
test probability ranges from 0.50 to 0.75. These results
suggest that when pretest probability is in the moderately
low range (0.15 to 0.50), the more stringent diagnostic
cut-off (requiring both tests to be positive) will provide the
most clinically informative test performance, whereas
when the pretest probability is in the moderately high
range (0.50 to 0.75), the less stringent (at least one
positive) diagnostic cut-off will provide the most clinically
informative test performance.

Discussion

The combined use of PCR-based TCRG and TCRB
clonality tests to assist in the diagnosis of lymphoprolif-
erative diseases has been proposed as a means to in-
crease clonality testing sensitivity.**1® With the advent
of the BIOMED-2 concerted action BHM4-CT98-3936,
standardized TCRG and TCRB clonality assays have be-
come commercially available. Some validation work has
been reported involving the combined use of the two
assays.®'® However, prior work studied several catego-
ries of T-cell malignancies and the data on MF was lim-
ited. Most published data are based on fresh or frozen
tissue, whereas in clinical practice these tests are com-
monly performed using paraffin embedded tissue spec-
imens. We assessed the performance characteristics of
BIOMED-2 TCRG and TCRB clonality tests on paraffin
embedded skin tissues diagnosed as MF or ID.

In our study, the concordance rate between the two
tests was 77.2%. In theory, TCRG and TCRB tests can

Test used Interpretation Symbol Result Final
method interpretation
TCRG or Positive or
TCRB alone | negative as single & Positive Positive
test
B Negative Negative
Both TCRG Calling a positive Both tests are
and TCRB result when both ] positive Positive
tests are p
and negative At least one
result when either P test is .
test is negative negative Negative
Both TCRG Calling a positive At least one
and TCRB result when at A testis Positive
least one test is positive
positive, and a
negative result
when both tests _ ::ﬂ;ttis?s are _
are negative - g Negative

Figure 2. Plots showing changes of MF probability before and after TCR clonality tests (with different testing methods) in terms of positive and negative results
(final interpretation). Change of MF probability when the test result was positive = PPV — pretest probability; Change of MF probability when test result was

negative = 1 — NPV — pretest probability.



complement each other in detecting clonal rearrange-
ments. The circumstances when TCRG and TCRB have
concordant results, yet were at odds with the clinical
diagnosis, are worthy of comment. For example, one
70-year-old patient with MF T4 classification was biop-
sied when the disease appeared to be worsening. How-
ever, both TCRG and TCRB tests on all three biopsies
were negative. Another 48-year-old patient diagnosed as
T1 MF was also tested negative with both TCRG and
TCRB in three biopsies. Two other patients, diagnosed as
either MF T3 or MF T4, had oligoclonal results from TCRG
and TCRB tests in each of the 2 biopsies. The false
negative results in these cases could have been attribut-
able to technical limitations such as amount or quality of
DNA or amplification efficiency, incorrect clinical diagno-
sis (especially in cases with short follow-up times), as well
as defects in primer design (there is no primer for the
Jy1.2 [JyP] segment, which is used in a small percentage
of T-cell ymphomas, particularly in the skin). Some other
possible explanations for the false negative results of the
T1 and T4 cases include the number of neoplastic cells
present being below the threshold of sensitivity for PCR
analysis, the primers did not anneal properly, there
were partial or incomplete rearrangements of the TCR,
or translocation involving the TCR region.® Of perhaps
greater concern are the false positive clonality results
in patients with ID, leading to a risk of being incorrectly
diagnosed and treated. These results emphasize the
necessity of interpreting the results of clonality data in
the context of all of the available clinical and patholog-
ical information, and being aware of the performance
characteristics of T cell clonality studies using paraffin
embedded tissue.

Sensitivity and Specificity

Before the BIOMED-2 assays became available, Klemke
et al studied 41 patients with either early-stage MF or
parapsoriasis using their own TCRG primers and proto-
col, as a result, a monoclonal T-cell infiltrate was demon-
strated in paraffin-embedded lesional skin specimens in
19.2% of parapsoriasis cases and in 66.6% of early-stage
MF cases.” Van Dongen et al reported in 2003 that the
combined usage of TCRB and TCRG tubes detected
virtually all clonal T-cell populations,* and Bruggemann
et al reported in 2007 that the combined use of the two
revealed two or more clonal signals in 95% of all TCR
clonal cases (T-prolymphocytic leukemia, T-large granu-
lar lymphocytic leukemia, angioimmunoblastic T-cell lym-
phoma, anaplastic large cell ymphoma, peripheral T-cell
lymphoma, unspecified) with fresh or frozen speci-
mens.'® Nevertheless, as shown in Table 3, with paraffin-
embedded T1 to T4 skin specimens from MF patients and
when interpreting oligoclonal pattern as negative in the
conventional way, we detected equal sensitivity of the
two clonality tests at 64%; and the combined usage of
TCRG and TCRB could increase the sensitivity to 78%.
Specificity is also the same for TCRG and TCRB as single
tests at 84% and can be maximized by calling clonal
support only when both tests are positive. On the other

Clonality Tests and Mycosis Fungoides 325
JMD May 2010, Vol. 12, No. 3

hand, it is known that especially early MF can present
with an oligoclonal pattern of T cells," thus we also
looked at the effect on test characteristics by classifying
oligoclonal pattern as positive. In this study cohort, the
seven specimens with oligoclonal TCRG results were all
in the MF group, among which six had known T-classifi-
cation information (one T2, three T3, and two T4). Seven
of the eight specimens with oligoclonal TCRB results
were in the MF group (two T2, three T3, and two T4), and
the remaining case was in the ID group. Because of the
high association of oligoclonality with MF (although not
specific to early MF) in this cohort, sensitivity is improved
whereas the specificity is slightly decreased by the
reclassification of oligoclonal pattern. Taken together,
TCRG and TCRB showed no significant difference in
either sensitivity or specificity as single tests, and the
combined usage of the two leads to the question of
how to appropriately interpret the results when there is
discordance.

Correlation of TCR Clonality Tests and
T-Classification of MF

Sandberg et al reported the equal clonality detection
rates of TCRG and TCRB in both early stage (stage | to Il,
5/8) and late stage (stage Ill to 1V, 4/6) MF cases using
BIOMED-2 primers and GeneScan analysis."” With T-
classification, our results showed that TCRB detected
clonal expansion in six of ten T1 specimens, whereas
TCRG only detected three of ten; however, TCRG per-
formed better in T2 and T3 specimens than TCRB, and
the two had the same detection rate in T4 specimens.
Based on this dataset, adding TCRB test to TCRG test
increased the clonal detection rate in T1 MF, but did not
add value to T2 to T4 MF.

PPV, NPV, and Pretest Probability

While sensitivity and specificity characteristics are fre-
quently used to assess test performance, PPV and NPV
are also important and informative characteristics for cli-
nicians. A previous Swiss study of 263 general practitio-
ners showed that clinicians often confuse test sensitivity
with positive predictive value, and as a result, tend to
overvalue positive test result and undervalue clinical his-
tory. However, when they were given likelihood ratios,
they correctly interpreted PPV."® Pretest probability in
this study refers to the probability that the patient under
investigation has MF before TCR clonality test; PPV is the
probability that a patient has MF given a positive test
result; NPV is the probability that a patient does not have
MF given a negative test result. The PPV and 1-NPV
(posterior probability of disease given a negative result)
over a range of pretest probabilities are visualized as
plots in Figure 1. As the pretest probability increases,
PPV and 1-NPV values gradually increase and form two
curves. To further evaluate the change of MF probability
before and after TCR clonality test given either positive or
negative result with different pretest probabilities, the
corresponding data were plotted in Figure 2. Figure 2 (as
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Table 5.

Recommended Pretest Probability Cut-Offs and Optimal 7CRG and/or TCRB Testing Methods

Pretest MF probability

Recommended use of TCR clonality test(s)

Rationale

<0.15 Of limited utility

0.15t0 0.50

Combined use of TCRG and TCRB tests
Both tests need to be positive for the TCR
test to be reported as supporting clonal

Increment of PPV would not be adequate to change
patient management

Little clinical significance

Low pretest probability, specificity is more important

Maximize PPV and minimize possibility of false positive
results (1-PPV)

Higher pretest probability, sensitivity is more important

At least one test needs to be positive for the  Maximize NPV and minimize possibility of false

process

0.50t0 0.75 Combined use of TCRG and TCRB tests
TCR test to be reported as supporting
clonal process

>0.75 Of limited utility

negative results (1-NPV)

Change of MF probability would not change patient
management
Little clinical significance

well as supplemental Table S2 at http.//jmd.amjpathol.org)
can serve as references for clinicians to estimate the
change of MF probability by TCRG/TCRB clonality tests
before ordering the test based on certain pretest proba-
bility, and accordingly, the value of performing the test.

With the information of change of MF probability by
TCR clonality test in hand, we are able to look into the
data for the answers to the following questions: Under
what pretest probabilities will a TCR clonality test be most
helpful, and which testing method will be most optimal to
aid diagnosis in clinical settings? Based on our analysis,
some recommended pretest probability cut-offs and op-
timal TCRG and/or TCRB testing methods are listed in
Table 5.

For those patients with intermediate pretest MF prob-
abilities, TCR testing can significantly change the MF
likelihood as shown in Figure 1. When pretest probability
is in the moderately low range (15% to 50%), requiring
both TCRG and TCRB to be positive may increase the
PPV of the clonality study to a more clinically useful level
(55% to 88%) than either test alone (41% to 80%) or than
requiring at least one test to be positive (35% to 75%).
When the pretest probability is in the moderately high
range (50% to 75%), requiring at least one test to be
positive may reduce the probability of false negatives to
a more clinically useful level (23% to 47%) as compared
with either test alone (30% to 56%) or requiring both tests
to be positive (35% to 62%).

TCR clonality test is of limited utility when the pretest
MF probability is very low or very high. When pretest MF
probability is very low (<0.15), TCR clonality test, by any
testing and interpretation method we analyzed, is of
limited utility in terms of influencing clinical manage-
ment of patients (Figure 1 and Supplemental Table S2 at
http.//jimd.amjpathol.org). For example, when pretest MF
probability is 0.01, obtaining a positive test result from
TCRG or TCRB alone can increase the probability to 0.04,
and getting positive results from both can increase the
probability to 0.07; however, a 3% or 6% increase in
disease probability is of questionable clinical utility. When
the pretest probability is less than 15%, the PPV of each of
the three algorithms is less than 50%, and therefore, the
majority of patients with positive studies will not have MF. If
the pretest probability is greater than 75%, our data indicate

that clonality testing will not result in a clinically significant
change in probability of MF.

Strategy for Optimal Use of TCRG and TCRB
Clonality Tests for Evaluation of Possibility of MF
in Paraffin-Embedded Skin Sections

An international consensus panel has previously empha-
sized the importance of integrating clinical, immunologi-
cal, and molecular pathology data for diagnosis of early
mycosis fungoides.'® PCR methods have also evolved
greatly since the publication of this consensus. There-
fore, it is important to rigorously define the performance
characteristics of the BIOMED-2 primer sets and high-
resolution capillary electrophoresis methods for TCRG
and TCRB tests. A general guideline of using BIOMED-2
protocols for PCR-based clonality diagnostic tests of sus-
pected lymphoproliferations with an inconclusive diagno-
sis or with unusual histology, immunophenotype, or clin-
ical presentation was proposed by van Krieken et al in
2007."° This guideline covered the strategy of both B-cell
and T-cell proliferations and suggested using TCRB and
TCRG tests in parallel for suspected T-cell proliferations.
In this study, based on the performance characteristics of
TCRG and TCRB tests in the well-characterized cohorts,
we calculated the PPV, 1-NPV, and the change of MF

Pre-test MF probability

Very low Moderately low Moderately high Very high
(<0.15) (0.15~0.50) (0.50~0.75) (>0.75)
TCR clonality TCRG test TCRG test TCR clonality
testing is of | | testing is of limited
limited utility utility
l + - + l -
TCRB test TCRB test
+ - +
Clonal Non- No clonal  Clonal support No Clonal
support for diagnostic, support for for MF support for MF
MF suggest MF
follow-up

Figure 3. Strategy for optimal use of 7CRG and TCRB clonality tests for
evaluation of possibility of MF in paraffin-embedded skin sections.



probability over a range of pretest probabilities from 0.01
to 0.95 (Figures 1 and 2). An algorithm demonstrating an
application of these data is proposed in Figure 3—when
a patient’s pretest MF probability is very low (<0.15) or
very high (>0.75), TCR clonality test is not recommended
because the test will not impact clinical likelihood of
disease; however, the test will provide useful information
for patients with intermediate pretest MF probabilities.

When the patient’s pretest probability for MF is mod-
erately low (0.15 to 0.50), TCRG test would be performed
as the primary test. Under this circumstance, if the TCRG
test result is negative (polyclonal or oligoclonal), TCRB
test is not necessary and an interpretation of no support
for clonal process can be made; if the TCRG test result is
positive (monoclonal), TCRB is suggested as a second-
ary test. A positive TCRB result in this setting would
support the existence of clonal TCR rearrangement and
clinical correlation is suggested, whereas a negative
TCRB would be nondiagnostic and close follow-up is
suggested.

When the patient’s pretest probability for MF is mod-
erately high (0.50 to 0.75), TCRG test is performed first. If
the TCRG result is positive (monoclonal), then the TCRB
test is not necessary, and the molecular test is considered
to support the diagnosis of MF; if the TCRG result is negative
(polyclonal or oligoclonal), TCRB testing is suggested as a
secondary test. A clonal TCRB in this setting would be a
molecular support for the diagnosis of MF, whereas a neg-
ative TCRB would mean no clonal support for MF.

While the algorithm requires prospective clinical vali-
dation, it integrates clinical information into molecular
testing by maximizing sensitivity of the testing when the
pretest probability is moderately high and maximizing
specificity when the pretest probability is moderately low.

Conclusions

As single tests, PCR-based TCRG and TCRB clonality
tests have no significant difference in terms of sensitivity
and specificity in testing paraffin-embedded skin tissue
specimens from MF and ID patients using commercially
available BIOMED-2 assays. In our proposed algorithm,
which integrates clinical information into molecular test-
ing, the combined use of TCRG and TCRB clonality tests
can maximize NPV when clinical suspicion is moderately
high and maximize PPV when the pretest probability is
moderately low.
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