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For the definition of the so-called precancorous squamous ool
lesions of the laryngeal mucosa, there is little agreement among the
authors. Part of this agreement results fram the use of Inconsistent
terminology in describing the histological changes soen in the laryngonl
mucosa. Klelnsasser’ was one of the first to insist on a classification of
precancerous changes in the larynx based on the degroe of atypleal
chunges of the epithelium. From retrospective clinfeo-pathologlenl nnne

lyses it appears that simple hyperplasia of the squamous epithellum mny

be the initial morphological alteration from which a carcinoma In situ und

eventually an infilirating careinoma may developq.

Whether the epithelial hyperplasin is simple, with or without o
typia, or carcinoma in situ can only be determined by hintologloul
examination of adequate and representative biopsy muterial, obtained by
means of (micro=)laryngoscopy. In practice the degree of atypla = the
most important histological criterion - has to be assessed nocuratoly,
because as was shown in several retrospective clinieal analyses®
the higher the dogree of atypia, the worser the prognosis. Adoption of
an uniform classification system with well-defined criterfa, fncluding the
degree of atypia should be aimed at. Although this was gonerally folt ut
the Centennial Conference on Laryngeal Cancer (Torento, 1074), ne
unanimous nomenclature was accepted.

An oxact histopathological diagnosls, however, s required for the
treatment of epithelial hyperplagin, In our Institutions we have e
ginee 1070, Kloinsnssor's three grade olassifloation: clans 1, simple
squamens call hyporplasing olasn 11, waquamous coll - hyporp

atyplai olamn 111, carcinoma fn - witu, A



whowod” that thia olawsifioation carrien prognontic slgnifiennee, which
han beon confivmed by two other studios, both ineluding o lorge werles
ul --p_lti_lnt-t’ o The results of these studios are alwo reflected n oup
management poliey. When a cluss 1 or class 11 loslon In reported by the
pathologist no furthor trestment is glven but the patient is merely
Sollowed-up. Class 11 lesions by large majority received a full course of
pudiotherapy; in recent years an endoscople l::t?l2 lnger surgery or only
ondopeople mierosurgical romoval have also been used.

In routine histopathological practice, however, problems are en-
vountered in the use of Kleinsasser's classification, partieularly in the
distinetion botween class [1 and eclass 111, This is not surprising as it is
wall kwown that consistent histopathological eclassification of epithelial
Juslons of the larynx is difficult in general, as these lesions may show a
continuous  spectrum  from  normal to neoplastic epithelium. Serious
Inoonulutencies in diagnoses have been deseribed, between observations
ol pathologists on the same microscopical slide and also between the
ﬁhl'r!‘l;l;;ionl of the same pathologist on one slide al different instan-

In order to achieve a more objective and reproducible classification
of the laryngoeal lesions, especially hyperplasin with alypia (class II)
~and eprelnoma in situ (elass 111), morphometry was used, The discrimi-
nuling  morphometrical pavameters were selected from & learning set
wonpleting of class 11 and class 111 leslons from patients followed-up for
W menn period of 8.4 years, (o) to differentiatie in an objective repro-
duglble manner class 11 and elass 111 lesions and (b) to identify those
pationts in the class II lesions, who had a poor prognosis.

The numerical decigion rule derived from these studies was then
avalunted on o test get of a new series of biopsy specimens, to identify
the prognostic significance of thig rule for individual patients.
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naunmoun sell hyporplisls of the voos! cords e merely followed, ‘T'he
trontment pollay an to patlents with laryngenl squamous osll hyperplonin
and ntypla theoretlonlly s the same, but many patlents, at peviglon of
the blopny awslgned to this class, were found to bo freandiated on the
pupumption ot the time that it concorned a lesion with carcinoma in situ
th0Y, An exnet histopathological diagnosis, based on a clear clagsifica-
tHon wystom, s renlly necessary for an adequate treatment of epithelial
hyporplaida,

In the Hterature many different classifications of epithelial hyper-
plasln wore found, A perusal of approximately two dozen papers pub-
Huhed botweon 1040-1960 reveals an extremely variable use of histolo-
glonl orfterin, In 1950 serious efforts began in an attempt to distinguish
batwoon  difforent  precancerous epithelial lesions and to assess the
fraquoncy with which invasive carcinoma actually followed these abnor-
imiton,

Compurigon of the investigautions on hyperplastic squamous cell
losionn of the larynx is complicated by the inconsistency of the nomen-
olature and definitions used by the various workers, ranging from near
novmul  epithelium  with mild (hyper-) keratosis to severe atypia or

5 5
dyuplugin (mild, moderate, severe) and carcinoma in situ ° 13 16 19 23

40 27 47 3P 41 43 50 55 61 63 59-

The question in the general problem of cancer is under what
pondition and when will the pathological alterations of the tissue develop
Into true malignaney. The evaluation of the outcome for various groups
ol putlents with abnormal laryngeal mucosal changes is difficult because
of © an already mentioned - different classifications used and differ-
ongen In the length of the follow-up ‘and the clinical management of
theso loslons. An dmpression of the probabilily that invasive carcinoma
will' davelop fvom the various types of squamous cell lesions may be
obtained from the figures reported by several authors (Table 1). When
only the leslons with atypla are taken into account 2.7% to 28.6% is
found to progress to invasive carcinoma,

At the Centenninl Conference on Laryngeal Cancer (Toronto, 1974)
the workshop no. 2 panel was devoted to premalignant laryngeal le-
plone, oarelnoma In situ and superficial cnrciuonmsa. Al this conference
the Tollowing classification was proposed, but not unanimous accepted;
L, Kovatosls, 2. keratosis with atypla, 3. carcinoma in situ, 4. carci-
noin with mlero~invasion,

12

Teble 1. Reported series of patients with keratosis, hyperplesia, with or without atypia, who fnally developed a

lsryngeal carcinoma.
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Ad 1, Keratonks was desoribed nw o opitholinl hyperplasta with an
ardorly maturation sequoence, with normal cellular eytology and architeo
ture and wome degreoe of surface keratinization, be It orthokeratotle or
pharnkoratotie (the presonce of indentifiable nuelear remnanis In the
ltoratotie layer). It ls o histological description and not necessarily a
tlagnonls. The term hyperkeratosis is et't'Olleous37. because it describes
exuberant koratinization of the surface of the voeal cord, but the true
vaonl eord Ig normally non-keratinized.

Ad 4, In keratosis with atypia there is some degree of either
ollular ntypla or disturbance of maturation sequence. The atypia may
vury In degree from slight to great and could be graded mild, moderate
ur mevero,

Ad 3, Carcinoma in situ - this term was introduced by Broders in
ID.‘H&'lz ~ onn be defined as a neoplastic process in which the normal
Hatologlenl structure of squamous epithelium is replaced by cells, which
phow morphologieally all the characteristics of neoplastic cells, but do
nol whow Invasive prowth. All acceptable cases of earcinoma in situ
pxhilbit loss of stratiform differentiation, altered polarity of cellular
orlontation and cellular atypia. The absence of a distinet and uniform
bawnl  coll layer and the occurence of anisonucleosis throughout the
(hielknoess of the epithelium are the most convincing features to the
uhmn'vnl'ﬁﬂ '

Digngreoment arises when less than the full thickness of the epi-
thalipl Inyer is altered. It is generally recognized that some flattening
ol oolls can occeur in the superficial layerss. Fec:hner23 defined carcino-
ma In o witu however, as a full tickness epithelial replacement by atypical
aelle, whereas the diagnosis of laryngeal atypia was applied to any
lowlon with atypical cells short of full thickness involvement. In the
lnttor losion there is maturation or flat superficial cells which may or
may not keratinizing.

Ad 4, Miero-invasive carcinoma, although not exactly defined in
Werature, refers to carcinomas which invade through the basement
mumbrane; the depths of invasion is 2 - 3 millimeter. Batsuki55 stated
thal In sty earcinoma and micro-invasive carcinoma appear to behave in
u slmllne blologlieal manner and if coexisting invasive carcinoma can be
eliminated, the two lesions may be treated alike.

Evory pathologlst of the workshop no. 2 panel at the Centennial

£
Conference on  Loaryngoeal (lnncul"18 agreed that the term leukoplakia

1

uhould be abandonned an n definttive pathologlonl dagnostio term, This
tarm haw onuwsed conslderable sonfuslon In the papt, For oral precanooe:
roun lonlons  leukoplakin s defined an 0 white pateh or plague  that

onnnot be charaoteriged allpfoally or pathologleally am any other dipenss,
Ha

and thin term s uneelated to the absence or prosence of dysplasin’

Klolnsassor's classlfioation

Although a rellable assessment of the varlous reportoed olassl oo
Honw and patient studies ls diffleult, beeause of differencoes ln histapn:
thologieal criterin, in terminology and length of the follow-up perlod, It
o obvious that sgquamous coll lesions with atypia, gonerally show o more
unfavourable prognosis (Table 1) as to the larynx, than leplons do
withoul atypla,

KlnianHHm"” 13 wig one of the flest to prosent o elassdfontion
lnll_'uul on the degree of atypical changes of the oplthellum, The loslons
foll Into three classes according to the internal slructure of the epifhe
Hum, The following morphological criterin = with modificationn of Dol
nun'rnm L are used: class I, simple squamous cell hypoerplagla,
thickening of the epithelium with a regular architecture. Thero s o
parakeratosis, Basal cell hyperplasia might occur. Mitoses are rare and
only found in the bagsal cell layer (fgure 1b, chapter 11I), Clasw 11,
sguamous cell hypoerplasia with atypia, shows all the charvactoristion of
clogs [ and In addition atypla, Besldes parakeratosis there s dyulora:
togls (premature or inappropriate development of cytoplasmic keratin In
golls located In the prickle layer and the basal layer). A moderate
number of mitoges are geen, some of which may be atyplonl, Atypin
donotes to Individual cells with nuclear aberrations. The nuclel may he
onlargod, lrregularly shapoed, or may have abnormal staining, There
might be o signilicant logs of polarity. The atypin does not invelve the
full helght of the eplthellum (fgure le, chapter I11), Class I, cnrol
noma in sltu, manifests the gonerally accepted morphologlonl charaeter
futlen of ecavelnoma with the exception of invaplve growth: there s a full
thicknoess eplthellal replacement by atypleal colls, Mitoses are freguent
and not ldmited to the basal coll layer (fgure 1d, chapter 1), Inde
pendent of the cntegory in whioh the leslon s elussified, subepitholial
changes conulet In edema and collular Inflammatory reactlon,

Hoth Iminnu.n'r'nm 19 nried Lul.m:mnn have demonsteatod by menny of
patronpoaiive  olinleo-pathologlonl analyses that this  alussitiontion  hus

]



prognontio slgnifosncer the pelale of foture developmoent of  eapralnomn
Inoroasoes from elaws 1 to olasa I (Table 2), In all thees studies lose
patienty wore excluded In whom within ono year from the (lest Wopay,
an nfiteating enreinoma was diagnosed on the assumption thal probably
the Hest blopay has not been representative of the lesfon,

Table 2, The number of non-treated class [, class 11 and elagy 111 pa-

tlents, who developed an invasive carcinoma.

Class 1 Class 11 Class III  mean interval
Klolnmamsor (44), 1963 5461 1/ 5 18/20 6 yr
Dalemarre (18), 1970 G720 6/26 4/ 8 23 yr
Lbuen (60), 1080 1/23 5/18 1/ 3 54 yr

The c¢linleal management is based on this classification, which
moanns that when class I or class I1 is reported by the pathologists after
ramoval of the entire lesion, no further treatment is given and the
putlant iv merely followed-up. To the majority of patients with class III
loplonn radiotherapy is applied.

Dingnontie procedures

I practiee the problems encountered in the use of Kleinsasser's
dlapnification are found in the differential diagnosis between class II and
wlakn 111, An exact classification is required because of a different
munugement poliey for clags Il and class 111 lesions.

The problem of Inconsistency in diapnoses between various patho-
loglats haw been mentioned by Conley. In 1964 he sent the same slide to
four pathologists experienced in laryngeal histology wand the reports
ylolded varlous results (from hyperkeratosis to cancer of the larynx).
For the clossification of simple keratosis and keratosis with atypia,
llnhrlulzs did o wimilar experience when two pathologists re-examined 21
of thess kinds of lesions. The pathologists did not agree on many
tlugnonon lnunnm'nlng simple keratosis and keratosis with atypia.

A dintinotion between epithelial hyperplasia, with or without atypla
nnd onrolnoma in witu, can only be determined by histological examing-
ton of an adeguate biopsy. In that way the ear-noge-throat surgeon fis

1

In 0 favourable position Deosuss sarly  muoosal ohanges are ollnloally
racognigable, an thoy onuse symploms steh as voleo change and honrse:
nows,  According to the pathologint (fl'lunrri:lz-'llﬁ. the classlfiention of
ghanges In squamous eplthelis with worrlsome ntypin, but without invae-
wive growth, s w problem In all upper sero-digestive traot sites, The
laryngeal glottis con werve ag o model for the study of sguamous mueo:
snl changes; the glottls s relatlvely easy to biopay .

An important advence in earvly diagnosis of leslons of the vooal
cords hag been introduced by Kleinsasser in 196419 by the microlnryn
goscopie technigque. This method is today greatly facilitated by use of
mlerolaryngoscopy under general anacsthesia with  jot v:mtllullunﬂ".
Obstruction to tlhe operating field is minimal, because the tuba Hoew
posteriorly in the posterior commissure, leaving an excellent view of
both vocal cords and the pulmonary ventilation during general arnaesthoe
pla ls uclequ&'tem.

Soelection of a representative blopsy site can be made with tolulding
blue dye, which is lightly painted over the area and then sponged off
with saline. In the area taking up the dye most slrongly the blopuy

"
wpecimen should be Ubl:ninct_l'}]' 72. Exfolintive cytology may ulso be n

dlagnostic adjunct. It should never replace histologicnl uxnmln.'.lllnnnz L
because of a high percentage of false negative resulls In laryngeal
mu[iu‘num:{ea% and it has proved to distinguish inadeguately botwoeen
sovore dysplasia and invasive c:u!'ci:wnma. However, both mothods have
not been generally accepted.

It I8 essential to have close cooperation between the elinlelon and
tho pathologlat to minimize the problems of non-represeniative blopusion,
Patologlats and laryngologistas should reallze that the dipgnosis of »

pothologist ean only be based on the pleture of the slides from the
18

blopsy that have been send to him A number of reprosentative
blopsien from several arveas may be necegpary to establiph the true
nature of the lesion.,

An adequate biopay should Inelude mucosn of the whole lesion and
pome adjocent submucopal tlepue with proper orvientation, Multiple wseo-
tlons of the entlre mucosal surface should be examined with spoecial
nltantion to  the llun'ghmﬂ. Vin immunoperoxidase technlgues  uslng
Involuorin wtaining sbnormal differontintion of the hyperplastio laryngeal
opithalium may bo thnllﬁmlw. In the oxpoerience of Bauer’ and Pasch

ol ul.““ In sty earelnoma In o laeyngenl blopey  spoecimen s alimost

1"
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always o slgn of Invasive carcinoma, This s particutaely tias ih blop-
plon from ather sltos than the true voeal cord,

With rognrds to the aforementioned there ls need for n more objecs
{fye und rveproducible classification. To obtein this, severul acditional
morphisloglen] methods can be performed on the biopsies, such as elec-

tron microssopy, photometry and morphometry.

ADDITIONAL MORPHOLOGICAL METHODS

lloctron microscopy

Kloolron microscopic studies have been carried out on the mucous
mumbrane In laryngenl hyperplasia and laryngeal careinoma. Schenk65
pxumined dyskeratotic cells in squamous cell carcinoma of the larynx.
Thoso colls were characterized by premature, abnormal and individual
leapntinigntion of the malignant keratinocytes. In another electron micro-
peaple study, Su]mnkﬁﬁ found the basemenl membrane to be very thin
and digoontinuous or absent from extensive areas of the tumor-stroma
{unotion in case of invasive laryngeal ecarcinoma. That disruption
whould nevertheless not be regarded as an ultrastructural criterion for
fwmnor Invasion in laryngeal carcinoma.

Sl.lf;rn'” v investigated the fine struetural changes as seen in the
wnvllont stoges of invasive growth. He found before any massive de-
ulruotlon of the basement membrane, cytoplasmic processes originating
from epitheliul cells penetrating inte the connective tissue through gaps
i the bagpement membrane. This phenomenon was referred to by Sugar
i mlero-invasion at the eleetron microscopic level, which can also be
obuprved In precancerous lesions.

Hruchmller and !-Iunmm13 examined the econnection between muco-
pul wurfoe pattern (classified according to Kleinsasser's principles of

42 46 47
mlorolpryngoscopy i

epithelial hyperplasia diffusa or ecirecumserip-
i, lant of which ean be specified due to plain, verrucous or papillary
purlnoe pattern) and the rate of malignant transformation of the precan-
gerous leslons, also in a scanning electron microscopic investigutime

Pho ko-onlled "verrucous! or "papillary" keratosis cireumscripta (the
frrogularely elevated hyperkeratotic type) represented on E.M. findings
{rrogularity of cell and tissue surface, but also roughness and lkeratini-

gutlon of microvill, These features seom to be characteristic scanning

([}
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olootron miororcople ploturen 1 onse of precancerous loslons, In which
plgne of atypla wore proved hstologlonly

Moyor ol al," tound with gquantitative eleciron  miorosooplo
anulysis of the kevatindgdng epithellum of normal hard palate, o deoreis
n denulty of mitoghondeln, membrane-bound organollos and free ribos
pomes from ateatum basale to steatum gronulosum, Constltuents which
are consldered key structures for the process of keratinizatlon (hunced
oytoplagmic filaments, keratohyalin granules and keratinopomes) Inerense
in volumetric density between either stratum basnle and streatum spino
wum or between stratum spinosum and stratum granulosum, The oylo
plagmic ground substance digplays a rather stable density throughout
all atrata,

Although these findings may provide a more objective clussifiontion
for class 1, 11 and III lesions, in practice this technique s not uselul
for diagnosis of these lesions, beeause of the laborlousness and the

chance of sampling error.

Phatometrie investigations
Grontolt ol nl.HI performed o photometric dotermination of DNA
gontent and nuelear gize using a Leitz scanning photometer, In oprdoer to
obtaln o more objective clagsification., As was also found by (‘.t't\luun:m
nnd Him'nlll?'g, In dysplastic and earcinomatous loryngeal oplthoellom,

5 clasmitled histo

hypaerchromatic nuclel are numerous. Hellgquist ot al,
loglenl gections into several groups: hyperplasia with or without keral
osta, mild dysplasio; moderate dysplasiag severe dysplasin or carelnomn
In situ of the cluasie type,

In the keratotic epithelin no abnormality of nuclenr DNA content or
nuclenr arvea and only o alight inerease in the same values In hyporplag
tle eplthella wog ['nllm[:M. This study did not show photometrle differ
oncos  between moderate dysplasin in patlents  that later  dovelopod
povere dysplasin and those that did not.

The photometrie pattern of lesions such as severe dysplasia und
enroinomn in sltu differed digtinotly feom normal eplthellum and rosen)
bled that of Invasive 1.-n|'vlrm|un:m. For all the eplthelin with severs
dysplagin the nueloar DNA content was elevated and the  histograms
gontudned nbnormal fentures; the nuclenr aren wis inerensed,

waoll differentiated forms of severs dysplagle, Lo, with  mpeked
keratintgation, and lestons in which the nuclesr atypla was pronounesd

0



groatly Inoveased DNA content and nuclonr slgo « were prognostionlly
the mont sorlous with a high recurvence rate and were more Hiely (o
develop an Invasive (.!ll.l'(‘.lnﬂlnllab. The diagnosin of the waell differenti-
wted form of severa dysplagln s based mainly on structural alterations,
piathor than on nuclear atypla,

99 80 concluded that nuclear atypia may be concealed to

Hollguist
migroscopie exnmination, especially in the case of well differentiated
loplons and that photometry seemed to offer a more reliable assessment
of the nuclear atypia.

It seems reasonable to expect that measurement of the DNA content
of the eells in these lesions might yield important prognostic information

ol the exalslonal biopsies.

Morphometry
Hase line data for comparison and better understanding of normal
und pathologically altered stratified epithelium, have been furnished by
many studies on oral epithelia. They provide detailed quantitative
vharnctorization of structural constituents of the epithelium,
Hloroological studies on stratified epithelia rely on the assumption
(hat wiructural homogeneity exists within a particular defined epithelial

B9

lnyor™ ", By obtaining data from within each cell layer, the individual
pleatn can be analysed guantitatively. The process of differentiation can
be studied by comparing data obtained from successively higher epithe-
Hul luymmsl

Colls at different levels or strata of the epithelium differ from one
nnother structurally. In the basal cell layer of the non-keratinizing
sguamous epithelium = consisting of one layer of basal cells - the cells
ure prranged perpendicular to the basement membrane. The differentia-
tlon and structural gradients follow a direction from basal to surface
lnyors. Differentiation evolves simultaneously in cells leaving the stra-
tum bupsale. Therefore, areas of a rather homogeneous state ol differen-
tlatlon can be located reproducible along an axis vertical to the epithe-
Hul mn'{'mmn. The cells mature in a regular fashion to become more
ovold 10 the prieckle cell or intermediate cell layer. The nucleus enlarges
nlightly, assumes o spherical shape and has less dense chraomatin. The

intercellular bridges (or desmosomes) become gquite conspicuous. Finally

the eells flatten out in the superficial layer. This layer is comprised of

one to three layors flattened cells with small condensed nuclel. Just

20

bolow the gurfece fu 0 granuloe ool lnyery the granulen are componed of
keratohyaline, the preoursor of koeratin, Durving  differontintion, oull
valume Inereanes betweon basul and granuloy layors, whoreas the nllop
ntlonn of nuelear volume are lexs l‘tlllHiMfﬂlll”:l H", Tha decroase n n/o
rutio  (nueloar/oytoploamle ratio) shows o progressive reduction durlng
(“fl'i-n'nnlllliltl?ldH a0 87 m]. Ho the Inerense In eytoplosmic volume Iy
raponsible for the decrease in n/e ratlo during opithellal difforentintion.

After  charactorlzing  quantitatively the grodient of  structural
differentintions the next aim of alereologlonl atudies of the wteatiiied
aplthelium of the oral mucosa 18 to compare the differentiotion puttern of
normal and pathologioally altered o.pilhulium?ﬂ. In pathological epithelln
roprosentative areas have to be selected within the strictly defined
different lnyers, beeause the changes are often focalt®

Klein=Szanto ot al,® found remarkable similar  differentiation
pattorns between the basal and surface layers in leukoplakias from the
aral mucous membrane of the cheek and the floor of the mouth, fap
varlous oytoplasmic and nuclear constituents.,

Boyson and lh?lth.II and Rigaut et 11!.“2 were the first to present o
morphometrical model for the evaluation of quantitative morphologlonl
altoration of the respiratory tract and did so for the nasal opithelium In
nlokle workers. They staged alterations in mataplagin, dysplagla and
anrelnoma by evaluation of cells (number, arvea, maximum dinmetor,
alreumforence) of the basal layers, using a semi-automatio device, 'T'he
n/e ratlo remained essentinlly unchenged in different typos of motuplon
e apithelium, whereas in dysplasin and in carcinoma the n/e ratio
uhowed a slight and pronounced incrogse raspectively. Mean nucloor
iren wos smallest in stratified cuboidal epithelium and largost In Hepn
mous epithelium and dysplasia,

No other morphometrical studies using reprosentative photamiero
graphs and measured on a graphic tablet have been dosoribed fop
multi-layerad surface opithelium of the respiratory traet,

The reproducibility of the diagnosis in leglons, which vary [ram
normul to malignancy as o continuous spectrum, oun In poeneral  be
Improved  with quantitative objective n1nllm:lu4. Morphometry, unslng
plmple objective parameters, con onslly be appled on any  routinely
procensad material, This moethod has guocassfully been upplied In the
tumour pathology of for instance endometrium to support the diserimina-

tlon batwean atypleal hyporplagls unr'uhmnull 4 nndd or sguimous
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pall  ohanges (n condyloms nouminatum  and  dyaplasin of  the uturine

oorvix 40

nm'vixm.

and In normal and  earelnomatous  squamons  epithelln of the

MORPHOMETRY AND THE PRESENT STUDY

In the current study our experience with the classification system
of Klolnsogser will be reviewed in a retrospective clinical analysis
(ohuptor 11), carried out on patients with squamous cell hyperplasia of
fhe lueyngenl epithelium, seen between 1963-1981 in the Free University
Hoppital und the Antoni van Leeuwenhoekhuis (The Netherlands Cancer
Inutitute), both in Amsterdam. We will attempt to determine whether
morphometrical analysis of the epithelial characteristics can contribute to
Improve the histopathological classification of squamous cell hyperplasia
of the lneynx, In practice the problems encountered in the use of this
olowsifention are found in the area between class 11 and class III.
Theroforn in chapter 111 morphometry will be applied to 50 microscopic
ulidlop, routinely processed (15 class I, 15 class II and 15 class III; 5
ulidon from normal laryngeal epithelium will be added), in order to find
fonturen for distinetion among the classes and distinction against normal
apithelium, This study will focus particularly on the differential diagno-
ule botweon clags II and class III. The slides for this study are selec—
fodd on thelr quality and on their representativity for the class in which
the loslon was classified, according to Kleinsasser's classification,
without knowledge of the patients' records. The measurements are
ppoelfically performed on areas representative for the lesion, as patho-
loglenl epithelial changes are often foecal.

The following features will be used in the sssessment of the classi-
flontion funotion, diseriminating between hyperplasia and atypia (the
funtures will be explained further in chapter III) : 1. mean nuclear
pran Cum*), 2. mean nuelear contour index ( NCI = P/\/_A}. its value
Inoreusos when nuclear irregularity inereases, 3. mean nuclear polarity

(pndluns), o parameter for nuelear axis orientation, 4. total number of

nuelel per unit area, a measure for nuclear crowding, 5. maximum width
of the epithellum  pm), 6. maximum width of the stratum corneum
{ umy, ", the standard deviation for the nuclear aren (a measurae for

unlpokaryose), B, the standard devigtion for nuclear contour Index (n

=

mensurs  for polymorphind and o, the stendard deviation for nuelear
polardty (n meanure for frvegulnelty), The features no, L, 2, 3 and 4
will bo moensured In the thres cell layers (the basal oeoll layer, the
prickle or Intormodinte coll layer and the superficial cell layer). The
quality of the sections, fixed fn 10% neuteal formaling doen not allow for
pogurnte meppurament of the cell slze.

In chapter IV the same morphometrical foatures will be uwsed o
laryngenl apithelinl hyperplaslas and atyplas in groups of only untranted
pationts of class 1, 11 and I with a long term follow=up, Irom patient
moterial, analysed earlier by “_mmmnn_

To evaluate the results of the learning phase of thin study (ehap
ter 11 and IV), o test study (chapter V) will be appliod on anothoer
porlos of biopsy specimens (the test-set),

Finally some closing remarks will be made and lines for lfurthoer

sludy to achiove a more reproducible clagsification, will be suggested,
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~ According to Kleinsasser's classification 200 patients with nqumnul
cell hyperplasia, seen between 1963-1981, were reviewed hilfalug-lmm
The untreated patients (47%) have been analysed for the incldence of
malignant change and the patients with class 111 lesions (carcinomn i
mltu) who were treated, were analysed for response to treatment. The
‘mean follow-up period was 8.4 years, Only 2 of tho 38 Initially untront -

od patients of class 1 (simple squamous cell hyperplasia) devoloped an
invasive carcinoma. In class II (hyperplasia with atypia), of 62 pld&?
‘who were not treated initially, 17 developed a laryngeal squamous *
“gurcinoma later. Only 6 patients of class 11 did not receive any tmt‘-
“ment initinlly, and one of these progressed to Invasive ulrnlno
Almost all other patients with carcinoma In situ (class 111) wore i
diated, In these patients no evidence of local recurrence was found,

aid
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1O Mighneln, 1080), whioh results In § groups: group 1, hyperplasia
atd/or koratontn, with opr without mild dyaplusing group 2, moderate
dynplaglong and group 8, severe dysplasia and carcinoma In situ., Al-
thiough the aforementioned clagsifications use a different nomenclature,
thoy all distinguish three eategories and in fact these categories more
o1 oy colnclde with the classification of Kleinsasser, which has been
tpod teaditionally in the Netherlands.

Itopathologically lesions of the laryngeal epithelium with squa-
mous eoll hyperplasia can be ciassified into three classes according to
the dogree of cell atypia present (Kleinsasser, 1963a; Delemarre, 1970);
ulann 1y simple squamous cell hyperplasia; class II: squamous cell hy-
porplugin with atypia; and elass III: carcinoma in situ. There seems to
b o correlotion between the different classes and the chance that an
Invasive carcinoma may develop (Kleinsasser, 1963b; Delemarre, 1970).

Our elinienl management was based in this classification. In all
vhnon oxelsional biopsy of the whole lesion was atlempted to facilitate
Bintologleal examination. Patients with class I and class II lesions have
boan followed-up without treatment. Almest all patients eclassified as
onrelnome in situ (class 111} received a full course of radiotherapy. In
fooant yoars alternative treatment methods like CO2 laser surgery or
ulily  endoscopie microsurgical removal were also applied, the policy
dopending on the site and extent of the lesion and the age of the pa-
tent, In the present report our experience with the classification
uyntem ol Kleinsasser in 200 patients has been reviewed and the un-
trantod  patients have been analysed for the incidence of malignant
vhnngo, Those who were treaied have been analysed for their response
Lo trantment.

MATERIAL AND METHODS

Hintopathology

Klplnansser's classification (1959, 1963a), with the modification aof
Delemurre (1970), recognises three categories; class I is simple squa-
moun call hyperplasin, the epithelium is thickened and there is kerato-
uiw, The epithelium shows @ regular pattern without any atypia (Fig.
Ihy ehapter 111) . Occaslonaly mitoses are found in the basal cell layer.

Clusn 11, sguamous cell hyperplasia with atypia, shows the features of

o

Cluws 1 with atyplan, A moderates number of mitoses v prosent, The
dlypln dovs nol Involve the full thickness of the spithelium (Mg, Lo,
chaptor 110, Clapw 1, cnrolnome Ino wita,  ooodfests  Intrasplithaelin
nooplasta with full=thiokness epithellnl replacement by atypleal colls,

Mitosen are [frequontand not Hmited (o the basal cell layer (Flg. 1d,

chapter 111, There is no evidence ol Invaslon,

Pationts

This study s based on g retrospective elinfco=patholical analy sy of
laryngoenl blopey specimens obtained from 216 pationts with sguamous
aoll hyperplasin seen betweon 19631981 In the Department of Otolaryn
pology of the Free Untversity Hospital and the Anton! van Loeuwonhook:
huls (the Netherlands Cancer Institute), both al Amsterdam, the Nethor:
landy, Bleven patients were excluded from this analysis becousse an
Infilteating careinoma was dingnosed within one vear of the flest blopuy,
The first blopsy may not have been representative of the tumour, Foup
pationts were lost to follow=-up (all assigned to class 1),

The remaining 200 patients wére divided into (he three clossey ny

follows: class 1: 38; class [l: 02; class I111: 70 (Table I).

Table 1, 200 patients with laryngeal squamous cell hyperplasin, olassdiod on
the baowls of the initial blopsy in elaas I, 1T and 111 (Klelnsassor's

elomullleation).,

Claas 1 Clags 11 Class 111 Total
Ml a4 A6 60 178 ¢ 86%)
lamnlo jl 1] 1] 21 ( 11%)
Tatal J6 (19%) #2 (46%) 7O (35%) 200 (100%)

The highest incldence of laryngeal hyperplasin was found In the
fifth, sixth and seventh decades, The youngest pationt was 23 and the
oldost B85 years of age. The mean age wos: 60,8 & 12,3 yoears, QF the
200 potlents 170 were moles (80%, ronging In age from 23 to BH yours
(monn: 00,9 & 11,4 years), and 21 wore fomples (11%), ranging In agoe
from 20 to 70 yonrs C(mean: 52,7 & 17,8 years) (Flg. 2). For clasw 1, 11
and 111, the moan ages wore b4, 60 and 02 yonrs respoclively .
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Mg, % 1 Distribution of age and sex of 200 patients with squamous cell hyper-
plasin of the larynx.

No accurate information on smoking and drinking could be obtained
from the available data, However, only 17 patients (8%) were non-
uimolkars; of the smoking-group most patients smoked cigarettes. Most of
the patlents also consumed aleohol. The presenting symptom was hoarse-
nome,

In the great majority, the lesions were limited to one voecal cord
(nedbfy 78%). The anterior two-thirds were commonly involved. (n=96;
A0%). Less frequently the posterior one-third (n=21; 11%) or the whole
longth of one or both vocal cords (n=78; 40%) were involved, Rarely the
loslons extended to or arose from the supraglottic or subglottic regions
(neby 24%).

The patients were followed-up for a mean period of 8.4 years

(ronger B-21 yonrn), Patlonts anplgned to olosn 1 or olass 11 were seen
ovory 4 months duelng the fest yonr aftor the Initial Blopey and overy
Joand 4 monthe vespectively In tho second and third yenrs, From the
fourth yoear the patients were seen every 6 months, Patients with
garclnoma In situ (elagy 111 wore seon more frogquently . Thivty-olght
putionts with n elasp 1 leglon recolved no treatment Initinlly, but wore
lollowsd-up, From the 92 patients with o class 11 leslon 02 have nol
boon treatod Initlally , but 30 pationts were lreadiated, on the sssump-
tlon at the time, that they were clasg 11T leslons, Out of a total of 70
putients with clogs 111 leslons, 62 received initially radiothernpy and 4
ware treated by cordectomy, Three were nol leeadiated beeause (hale
legions were at the time diagnosed as class I, Two patlents wera nol
lreated because, when the first laryngeal biopsy was taken, a preimary
bronchial carveinoma was diagnosed. Another patlent was nol trented

bocnuse of n myocardial infarction,

RESULTS
Putlents with class 1 lesions

Only 2 of the 38 Initially untreated patients developed an invasive
gurelnoma, 2 and 7§ years aflter the frsl blopsy. Both patlents recelved
n full course of radiotherapy. One of these patients died one yenr nftur
the complation of radiotherapy with uncontrolled disense In the neck,
The second patient way salvaged. Another of the 38 patients was classl
flad ag closs I, 6 yenrs after the first biopsy and was then trested
with o full course of frradiation; this patlent is froe of disease. Twao
patlents wore lreadinted on the basis of a second or third blopsy on
inally closslfied as closg 11, but at revision asslgned to class 11; both

putionty died (enrdiovasoular digsense; stomach curolnomn) .
Putlents with clogs 11 lesions
Inftially untreatod pationts
Slxty-two out of the fotal of 02 clawy 11 patlonts (Teble 1) have

not initially boen treated, OF thig group 17 patients developed an in-
vislve loryngenl enrolnoms, from 18 months 1 almost 104 years afltor



the Inttinl dingnosts (Flg, 9).

Threo patients (nos. 125, 127, 120) progressed o nvasive onrel-
noma through the earefnoma in situ stage, but wore not (ronted fop
tholr class I11 lesion, because these lesions were at the time elagsifiod
i dlans 11, All three patients were treated with radiotherapy when the
dingnosis of invasive carcinoma was established. Two are doing well. The

third patient (no. 129), however, developed metastases to the medias-
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Flg, 4 1 Follow-up of 17 initially untreated patients with an original class 11
loslon  (squamous ecell hyperplasia with atypia) subsequently develop-
Ing an invasive carcinoma (=Ca), who received radiotherapy (=RT) or
undorwent o total laryngectomy (=TL) or a partial laryngectomy
(“PL); N = necknode metnstasis/M = distant metastasis/ChT = chemothe-
tapy/ RN = padieal neckdisseation/ 1,2,8 = clagsifieation in eluas I, 11
ov 11/ T » diea,

L, of which he died  desplte  eadiotherapy,  Two  other  pationts
rocolved  adlotherapy  when they woere proven histologlonlly to have
progrossod Lo earelnoma fnoslta, bul developed Invasive osrvolnoma 24
und 20 yonrs after the leeadiatlon (nom, 118, 110) (Flg, 3). In ona
pationt o totnl lnryngoeatomy and in the other patient n partinl Ineyngoeo:
tomy wans porformed and both patlents wore soalvaged, The other 18
patlents  doveloped an  invasive lapyngeal earainomns  without golng
through an indentifiable corvelnoma In situ stoge. Toen patlonts wors
freadinted and two (nos, 132, 134) underwent o total laryngeatomy, one
with on bloe podleal neclk dissoction, with post-operative radlotherapy
Thowe lost 2 patlonts both died with recurrent tumour in the neck, Of
the 10 leeadinted patients 4 patients suffered a loeal recurrence, Thiree
of these patlents (nos., 122, 126, 130) were treated by total lnryngectos
my and one (no. 133) by partial laryngecetomy. One patlent (no, 120)
dlod with recurrent tumour in the neck, whersas another (no, 133) died
ol bronghial carcinoma,

0f the remaining 45 initially untreated patients 7 were lrradintod
an wocond or thivd blopsies classifiod as class 11 (originally asslgnod (o
elupe 1113 n=2) or as clags 111 (n=5). All these 45 pationts had o (a
vourable clinfeal course as to the larynx, However, 2 patlents died from

i branchinl careinom.

Inftiully freadiated patients

Thirty patlents clagsified In clags 11 at revision of the micronsop
onl sldos of the initial biopsies have been ireadisted Initinlly on the
pepumption ot the time of the original classification, that the blopuy
goncorned a elass 11 lesion. Two of these patients doeveloped radlione
gropls of the larynx, for which a tracheostomy was necossapy 14 months
after the radiotherapy in one patient (Table 1), In the other pationt n
totnl luryngoctomy had to be carried oul more than 11 yenrs after the
lrvadiantion. He died from poat-operative complications,

Threo othor patlents doveloped an Invasive coreinomn, one paliont
nftor more than 5, the second aflter B yoors wuftor (he [flrat blopuy,
Thowe 2 potlonts were treated with total laryngectomy and were sul
vigad, Tho thivd patlont wan trented pallintively  with e¢homotherapy ,
baonuse ot the same tme oe he demonsteatod an infilteating eorolnomn
four yonrs from the flesl blopsy =, matastason to the nedl and the
modbiatinum were dingnosed, He dlpd soon thereaftor, Another % pa-
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nitinlly untreated patient
~ 8ix out of the total of 70 class 111 patients (Table 1) initinl
not have any treatment for their carcinoma in @itu of the lar_ynx
1), Two of these patients (nos. 190, 191) were In a poor con

&l r
| follow-up pariod (ysnry

&

100 m,73 H bronchial Ca
19 mee B—:I' bronehial Ca
102 1,65 )
198 A7 g
194 1,59
196 1,64 )

1 esophageal Ca

memale
age

Mg, 4 ¢+ Follow-up of 6 initially untreated patients with a class 111 loslon
(earcinoma in situ). One patient developed an invasive carelnomn
(=Cn)/ RT = radiotherapy/RN = radical neckdissection/N = nocknode
motastasia/ 1,2,3 = olassification in class 1, 11 or 11/ T= died,

bocause of a concomitant primary bronchial earcinoma of which tumour
they both died within a short period of time. Three of the othor pn-
tonts (nos, 198, 194, 195) were not treated in any way other than
caroful follow-up after the first blopsy examination, apparently hlnm
at the time these lesions were classified as class 11, In pationt no, 105 o
necond biopsy examination was classified as class 111, for which he win
Qim frvadiated, After almost 11 yoars he died from an esophuges

ma, The last patient (no. 102) did not recelve mmh»m
Indtlally because of a mymwm m!nm‘.ium. on a :mm mm; takon 4




tanen Lo the neck wore found for which o radleal neok disseotion was

purried out and he wos salvaged,

Inttinlly treated patients

Sixty-two of the 70 patients classified as carcinoma in gitu, initial-
ly rocolvad a full course of radiotherapy, whereas 2 patients underwent
l m.n'il.ctrlumy as their primary treatment. All irradiated patients had a
fhvourable clinical course as to the larynx, although one patient had
purslstent odema. However, 2 patients, both men in their eighties,
tovaloped extensive nodal metastases of squamous cell carcinoma in the
nocle, 3 and 3} years respectively after the radiotherapy. In both cases
0 primary tumour could not be demonstrated in the upper aercdigestive
(raet, It is not unlikely, therefore, that the laryngeal biopsies on which
the initinl  dipgnosis of carcinoma in situ was -established, were not
ropresentative for the lesions. Another 2 patients died of a bronchial
onrelnoma ,

Two patients were first treated with cordectomy. One of these 2
putionts developed an invasive carcinoma and underwent a total laryn-
goctomy 4§ years after the cordectomy. He died from a malignant lym-
phomu 24 years later. The other patient was found to have a recurrent
aareinoma in situ almost 24 years after the cordectomy. He was then

lrvnciatod and free of disease.
Patlonts who progressed to invasive carcinoma

Flghteen of the patients who were not treated otherwise than by
(roponted) biopsy developed an invasive carcinoma with a mean interval
of 4 yoears from the first biopsy; 2 of the 35 untreated class 1 pa-
tHonts, 12 of the 50 class II patients and 4 of the 8 class III patients
(I'able 1I1), The results are compared with the studies of Kleinsasser
(10680) and Delemarre (1970).

In the group of treated patients, 3 of those classified as class II
and 3 of those clagsified as class III, demonstrated an infiltrating
onrednoma later, Together 24 patients developed an invasive laryngeal
gurelnoma from 156 months till almost 11 years after the first biopsy
(menn: 6.4 & 2.6 years), Sixteen patients received a full course of

frradintion ns the primary treatment. Four of these patients doveloped o

au

Tuble 11, Mallgnant ohanes o patlents who wore not "treated" otherwlise thin
by (repented) blopsy,

Clanm 1 Clonn 11 Clonw 111
Klelnmapsor 1063 /61 ( BY%) LB (R0%) 1B/20 (DO%)
Dalomurra (VAT 3720 (15%) G/206 ¢29W) a/8  (B0Y%)
Thin study 1985 2/30 ( 6%) 12/60 (24%) A/H (DO%)

rocurrence (MTable I1); they then underwent o total (n=3) or a partinl
(nel) laryngectomy, In 6 patients a primary lapyngectomy was under
(nken becausge these patients were irradiated before on a closs 11 or [
loslon. In one patient a cordectomy had been performed, One pationd
rogelved palliative chemotherapy, but he died after a short period,

Out of the total of 24 patlents who progressed to Invasive cnrel
noma, 14 are allve without tumour, with a mean follow=up pariod ol 4
M yoars (range: | - 18§ years) from the moment an invasive anrelnomn
wag dingnosed, Toen patients died, Four of these died without laryngenl
tumour (2: eardiovasculnr diseases; 1@ malignant lymphoma; 1: bronohial
onrclnoma) after 34, 34, 24 and 3% years respectively, Blx patlonts died
from thelr tumour, 4 because of locally and regilonally recurrent laryn
gonl carelnoma alter §, 14, 14§ and 3} years rospoctivaly, 2 [rom distant
motagtuses ofter § and b years respectively.

In 2 potients an invasive laryngeal enreinoma naver was dingnosed,
howaver, both patients died from nodal metnstases In the neck, 34 and

wimopt 4 yonrs aftor the frst blopsy examination.
DISCUSSION

The highest incldence of sguamous eell hyporplagla of the lneynx in
found In men In the fifth and mixth decndes (Delomarre, 1070} Henry,
1079 Hollgquist ot al,, 1082), In the wsorles reported by Delomarre
(1070) no slgnifieant differences wore found between the meat iges of
the patlents of the three clanses, although patlents with a hyperpliantio
lonlon of (He laryngeal eplthellum were younger than pationts with un

da
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Invaaive ‘caralnoma, Hellquisnt ot al, (1082) supposod o pradunl dovelop-
moent fram benign to more severe lesions, because of the hgher mean
ngon of the patlents with incrensing dysplasin (group 1, 11, 111 b5, 60
ind 64 yoars respectively). In the present study the mean ages of the
putlents from class I, II and III were 54, 60 and 62 years respectively.

Bmoking is found to enhance the risk of laryngeal cancer (Auer-
bueh ot al., 1070; Willlams and Horm, 1977; Wynder et al., 1956).
Houldes tobaceo, aleohol consumption is a readily identifiable risk factor
for laryngeal cancer (Vineent and Marchetta, 1963; Wynder et al.,
1076), Hinds et al. (1979) and Wynder et al. (1977) demonstrated that
soking and aleohol consumption appeared to act as independent risk
[netors, Concerning the amounts of alecohol consumption and smoking no
adequate information could be obtained from the available data, but most
patients have consumed alcohaol and smoked cigareiies.

The lesion was seldom situated outside the vocal cords (Henry,
1070 Hellquist et al., 1882). The anterior part of the cord is most
apmmonly involved. The lesion may be unilateral or both voeal cords are
affectod (in this study: 75% and 21% respectively).

No definite diagnosis can be based on clinical or microlaryngosco-
ploal eriterin alone. A close collaboration between the laryngologist and
the pathologist is necessary. Various types of squamous cell hyperplasia
Gan ocour adjacent to carcinoma in the same lesion and underscorve the
necosslty for an adequate biopsy (Barney, 1970). In the experience of
Woauer (1974) and Pesch et al. (1976) in situ carcinoma in a laryngeal
Blopay specimen from sites other than the true vocal cords is almost
nlwayn a sign of Invasive carcinoma. The biopsy should include the most
norlous lesion present, ‘which determines therapy and prognosis.

In practice the problems encountered in the use of Kleinsasser's
alimaifieation foeus particularly on the differential diagnosis belween
dluss Il and IIl. On revision about 1/3 of the cases in the present
sorlon clussified as class 11, were originally assigned to class IIT, while
anly n few cases at the time classified as class 11, were classified at
rovislon as carcinoma in situ. In consequence about 1/3 of the class 11
pationts received a full course of radiotherapy.

The reproducibility of the classification may improve, when using
nlrlet oriteria for class II and class III. Moreover, with the use of
obfuetive dingnostic methods as for instance photometry  (Hallguist ot

nly, 1084) or morphometry (Olde Kalter et al., 1086), tho dogres of
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atypln an veflooted {n ohanges of oelle and nuelel, oan be more foeis
rutoly umsonsod,

Patlonts with oloss T and olase 11 lesions are only followed-up,
Whan o clags 111 loston In peported by the pathologist, In most onpen o
full course of radlotherapy I glven. The loilure rate for putients
clagsifled initinlly or later on In elass 111, who recolved rodiotherapy as
an initial or secondary form of treatment, was 3%; 2 out of 72 patignts
(Table II) developed an Invasive earcinoma. The recurrence rute repor
ted in other series of patients with carcinoma in situ who ware initinlly
irradiated range from 4.5% (Doyle et al., 1977) to 51% (Miller, 1070,
1974), For irradiated patients of class Il the results woere less; & of the
34 patients progressed to invasive carcinoma (0%).

Depending on the age of the patient and the site and extent of the
lesion, our alternative treatment methods are ()(JE lnser aurgory or
endoscopic microsurgical removal alone. Hintz et al. (1081) raporied
watchful policy on 27 patients with in situ careinoma. Ten patientu' In
situ ecarcinomas have not become invasive. It concerned, however,
patients with short-term follow-up (mean: 50 monthsg)., Total laryngoc
tomy was required twice as often in the group of patients who wore
treated expectantly as in the group treated immediately.

It is important to mention thal even with an accurate [ollow-up
schedule, 6 patients died from their laryngeal tumour, in somo ouuen
with an unexpectedly aggressive course. Nine patients died of a bhron
chial carcinoma. The risk of developing a second primary tumour In
patients with carcinoma in situ is 15%, about equal to the riak in pu

tients with glottic cancer (de Vries and Snow, 1985),
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!&he histopathological dingnosis of squamous coll I‘mpuwﬁﬁl
lapynx is very subjective. Since morphometry is highly !I;M""
&hin method was applied to routine processed slides of 45 mﬁ ""I J
‘to assess objectively the epithelial characteristics, In each case moas-
urements of nuclel of 50 cells in the basal, intermediate, and superfiolal
cell layers were carried out. The data were analysed ltaﬂiﬂml}?.
findings suggest that morphometry, may be helpful for tho hiht’ﬂpui'_ o
leal clagsifieation of squamous cell hyperplasia of the laryngeal mucoss.

INTRODUCTION




Inwltu, In Burope 0 olassdfoation Introduced by Klulnuassor In often

umed™, Thin olassfiontlon consfats of threo olueson: oluks | = nlmple
nguamoun  coll hyperplasio;  clogs 11 gquamous  caoll hyperplasin with
atyplay clops JII = capginoma, in situ. Although the, aforementioned

alasslentions use a different nomenclature, they all distinguish three
antogorien and, Iin feet, these categories more or less coincide. In the
Nothorlands Kleinsasser's classification has traditionally been uscd.

I(lulnmmm-nﬁ. I.)t.‘.l.r_smm'reg, and Lubsenw' have all shown by means
ol ratrospective clinical pathological analyses that Kleinsasser's classi-
foatlon has prognostic significance: the risk of future development of
Ghrolnomn Increases from class I to class 1II. We therefore base our
manngement  policy on  this classification. In all cases microsurgical
romoval ol the entire lesion is attempted. When classes I or [I are
toportad by the pathologist no further treatment is given and the
patlont is merely followed up. With class I1I lesions, depending on the
iign of the patient and the site and extent of the lesion, further treat-
ment, conplgting of either 002 laser surgery or radiotherapy, is carried
oul,

Kloinspsser's classification, however, is subjective, In practice the
probloms encountered in the use of this classification focus particularly
o1 the differential diagnosis between class IT and III. Even between
oxporienced pathologists in this field there is disagreement in diagnosis
of n wubgtantial number of cases. Furthermore, on review of the sec-
Hon, the clagsification is not always reproducible. It is therefore imper-
tant to search for objective parameters which distinguish the different
clignon to improve the reproducibility of the grading ol the hyperplastic
lnryngonl lesions so that optimal treatment of these lesions may be
lven, This study attempts to determine whether quantitative morpho-
loglonl analysis of the epithelial churacteristics can contribute to the
hlntopathological  clagsification of squamous cell hyperplasia of the
lirynx.,

MATERIAL AND METHODS

Matorial
A total ef B0 microscope slides were examined. Forty flive slides (15

auoh of eloss 1, class [, and class [II) were selected by two experi-

a6

oncod, Indopondent pathologlate from a total of 296 slldes pertaining to
the poatlont meterdal Clotal aumbor of patlonts 108) of the Departiment of
Otolaryngology, Fees Undlverslty Hospltal, and the Netheelands Concer
Institute analysed eavler by Lubsen, Those 45 wlides were chosen nlt
random, without knowlodge of tho pationts' histories, Five slldes [rom
normal laryngoenl epithellum were also ineluded, All pationts had boen

followad for al lenst six yonrs.

Histology

All laryngeal specimens were fixed in formalin and ambedded o para
plagt (4 pm thigk), The sections were stained with haomptoxyln and
oosin, Measurements for this study were carrlied out In three lnyars of
the epithelium: the basal cell layer, consisting of one layer ol bawal
colls; the prickle cell or intermediate cell layer; and the suparfieinl cell
layor, These layers are deflined as follows: the basal cell layer (s
represented by a row of cells following the basgal coll laminag the supor
flelul cell layer (or granular cell layer) is restrleted to a superficinl
layer of three to five cells (below the stratum corneum when prosent)
and  charncteriged by  densely distributed keratohyalin granules. In
betwoen these two strata is the remaining intermediate lnyer or streatum
Hpimmum.”. Measurements in this layer are maode in the middle of (ho
epithelinl width (measured from the basement membrana to the upper

luyoer of the stratum granulosum),

Definition of the histological classes

According to Kleinsasser's uIrmHll'I(,-ntlnu? H. with modifications of Dole
mm'r.'un. in class I, simple squamous cell hyperplasia, there s n thioka
ning of the epithelium and often a form of keratosis (Fig, 1b; Fg. 1o
ghows normal epithelium), Thoere lg, however, no atypin, Mitoses nroe
rore and found only in the basal cell layer. Class 11, sguamous ooll
hyperplusia with atypia (Fig. le) shows all the charaoteristion of (he
former and, in addition, atypin, A moderate number of mitosss are
poon, some of which might be atyplenl, The atypla does not involve (he
full height of the epithelium, Clags 1L, enrelnomn in situ CFlg, 1),
manifents the genorally accepted charpcterdstion of earoinoma with the
excuption of Invasive growth, There s o full thickness eplthalial re
plucomont by atyplonl colln, Mitoses nre frequent and not Hmited fo the

bawnl ooll lnyer,

Ll
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Flg, 1 (n) Normal squamous ocell epithelium (x 330)
hyporplasin (x 380), () Squamous o
Caralnomn In situ (x 208),

(b) Simple squamous cell
ell hyperplasia with atypin (x 0, ()

a8

Morphometey and statistioal annlyaly

from onch wllde the most ohavaotertatlo paet of (he lonlon win seleoied
for measuremont by two expoarlonced pathologiats. Beoaune the patholo
plat dneluded the thres liyers of the epithellum In hw evaluation of {(hy
loplon, 50 nuclel per cell layer were messured ot randem, The nuolenr
nren, the nuclear gontour Incdex, ond the polurity of those 50 cells woroe
measurad with a projection microscope (100x). Tho slides wore projooted
on to a graphie digitising tablet (Bit Pad One, Summagraphlies Corpors

tlon) (Mg, 2). Additional measurements were macde of the nuelonr orow

Flg. @ Technical equipment: At the centre the digitising tablet on whioh the
microscope Image is projected by a mirror, On the right the stundard computer
torminal on whicli the results are shown. The average (me to messure 50 oolls
In 16 min,

ding and the epithelinl width, With these parameters the charnotorlntion
ol the classification (hyperplasia and atypin) were assessod, Thore wers
no differences of any slgnificance between mensurements done twioe Ly
the same person at different places within the arens welocted by the
pathologists (Table 1), The data were transforrved to a computor (Cybop
760, Control Data), The mean values, stondard devintions, und corieln
tons were calculated (Statisticnl Pockage for Soclnl Sclencen), Fop
statistical nnalysis, Wileoxon's non-paramoetric two nomple tont was umed,
Wo also attemptod to measure the cell wlze bul the quality of thee
noctlons fixed In formalln did not allow for nceurnte mensurement of the
asll wlae,

M



. 00

Table Iy Bxamplod of the mean nuclenr aronn, the menn nuelese don -
tour Indioow and the mean nuclear polarition of 80 wufis of 1o
Intermedinte layor of 3 casos (1 ¢lass 1, 1 oloww 1 wod | alinn

1D, measured twice at different places within the sume nran by
the same person,

Measurement class 1 class Il class III
Monn nuclear nrea (um?) 1 T1.04 103.23 90,90
intormoediate luyer 2 72.28 101.98 92.11
Moan nuclear contour index 1 3.64 3.61 3.69
Intermediate layer 2 3.69 3.63 3.72
Monn nuclear polarity (radians) | 0.74 1.31 1.71
Intermediate layer 2 0.70 1.35 1.76

The following morphometric parameters, all carried out in the three
vall lnyers, with exception of no 5 and no 6, were used to compare the
thiee clusses of Kleinsasser's classification:
| The mean nuclear area (in ,umz).

4 The mean nuclear contour index (NCI), as given by the formula

NC]:___P_

T

where P denotes the perimeter of the nucleus and A the nuclear

nren, The NCI is a size independent shape parameter. Its minimal value
I found for a circle and is 3.545

2R -
T/?ﬁf =2 V"-‘T = 3-545 ).

It lnerenses when the nuclear Irregularity increaseslz.

i The mean polarity of the nuclei, a parameter for nuclear axis
orlontation, The angle between the long axis of the nuclei and the local
bugement membrane was used as a measure of the polarity of the nuclei.
The direction of the long axis was estimated by the computer [rom the
vabrdinates of the perimeter points, oblained during the measurement of

the nuelear aren. This results in a mean nuclear polarity of nuclel in

bo

the buwal oell luyer (when the axes are gonorally ovlentated perpendl-
oular to the loonl buasement membeane ) of 2 1087 eadianyg (J60%= @

ricinnm G, 2000 vadiansg 1 oeadian = 00%) and In o menn nucloar pola:
pity of the nuaolel In the superfiglal lnyer (when tho axes are gonerally
orfontated parallel to the surfaes) of © 0,0 radians,

i The total number of nuclel per (arblirary) square unit, The
pumber of nuclel per sguare unit in the spoecimen s o moeawura of
nuclear crowding (number of nuelel per unit V{Jlunm)m.

i The maximum width of the epithelium, a measure of hyperplasi
(nrbitrary units). Strietly speaking, only a plane that i out perpoendl:
gular to the epithelial surface (and if possible also perpendicular to the
busement membrane) can serve for a proper measurement of the aplthe
Hnl thickness. Only those parts of the sections which were vertionl to
tho epithelinl surface were selected for the measurement. No mattor

what method is applied this parameter remains somewhal unreliuble,

(i The maximum width of the stratum corneum, o measure for (hypers)
karatosis,
T The standard deviation (SD) for the various nuclear areas, nuelonr

gontour indices, and nuclear polarities: SD nuclear arvea may bo conuld
ored a mepsure of anisokaryose; SD nuclear contour index n mensure of
polymorphian; and 8D nuclear polarity a mensure of irragularity or

arehitectural disturbance of the corresponding epithelinl layor,

RESULTS

Table 2 gives the results of the measurements of the parametors of the
pnormal epithelium and the three clagses (I, 11, 1) of abnormal epithe
Hum, Tho results of the statisticnl analysis carrled out to compnaro (hie
various classes are recorded in Table 3,

There was a slgnificant difference betwoeen normal epithellum and
olass 1, class 1 and class 11, class 1 and class 11T for at leswt fve al
the purametors used (and even more when the standoard deviations were
takon  Into aceount), but between class I and cloass L wlgnificant
differences wera found for only three parameters, In [Fg. 3 the mean
nuelonr polarity of the Intermediote layer has been plotted against the
nuclont orowding n the superfiolal lnyer of all classos (hormal, clagsey
I, 11, and 11}, These two parametars woere the most diseriminating for



e

-
-
v

i
-
1
t
¢

==k

wme>d we>¢ = &

=== we>4d we>d H

H H eg-g >4 -

a=d a>d 1009 > d =

= et 2 woe>d

- = = woa>d

i o> d o >d =

= - 1070 >4 U=

= 10a>d 10°0 > @ 1070 = M
wes>a wo>d 10°g >d 8=

W e d 100 >d =

= = 10°0 >d ™

- wo>d o -

3 10°0> d 10°0 >d =

100> d 00>4d c0g >d 3

" cog > d 10°0 >d e

r = = egtg > d

e P! - co'o > d

[ SassED III-1 S35S%0 1I-1 S3ssB[) TEI0N-1 SSEED

“(wnpeyide [ewmdou pus ‘I PUE II ‘I SSER)
IS 70 [OAS] Ul SOWUSP 4 1359} S[dmRS OM] S,UOX00{IM SUSH ‘SISSER oyl USSMIdq SIOUSISI E IEL

“sjun £JvIirqie = n=

e 0T 8% F 0°¢T e o L'V F 9T (nB) SUMOID Tearonu uesyy
89°0 FF9'T FL'0 FEI'T 2170 FL2°0 1°0 #1%°0 (suempea) Ajueod 1vspnu uesiy
€1°0 F48°¢ LT°0 F98°¢ 11°0 708°¢ £2°0 F8TF X8pUI INOIUOD IBI[ONU URSLY

& FIF 0799 S 68T 67E8 T°8IF 6°6G 9°%IF z'cg (;wm) vore awelonu usapy

. Johe] (80 [mPIIadng
£°0T% 2°08 8'8 ¥ 8°%2 0°¢-F 9°53 9'% ¥ b (n8) Bulpmolo Ieaponu uesyy
£8°0 F8L°T 2870 FIE°T T6°0 F§L°0 €2°0 ¥8E°0 (suspea) Altaeiod amsponu uespy

T°0 F 4°¢ L0°0 ¥99°¢ 6070 ¥99°¢ 50°0 ¥69°€ X8pul INOjuod JI¥sENU UBs[y
6722789° 56 1°E6762 801 1°GT+€2°¢L 8 FIFI0°16 (ywn) sere awenu ueey

I34B[ [[82 9vIpOWIsIUT

1°21% 8°8¢ BTO0IF 1728 L'ETIF ¥ 9% 2°9 F §ro¢ (ne) Surpmoro Jwsonu uesly
810 FL9'T 91°0 F97°1 170 FEE'T €10 FLZ2°T (suerprr) Myuiejod TEsponu usap
210 F28°¢ PI°0 7287 ¢ 81°0 %gL°8 E2°0 FI8°¢ Xapul INojuod Izs[onu usay
8°9Z729°%L 9°82¥86°9. L ETTZL 28 6°¢ F8ZT 9% (;wr) eele Ieaonu uzep
2848 190 BsBg

90°0 T20°0 ZZ'0 F9T°0 28°0 FLT1°0 - (N2) WNaUI0D WNIBIIS UIDIM UBay
£2°0 3€7°0 62°0 ¥85°0 92°0 FIS°0 TIT°0 €70 (n®) WIPIM Wnmayids ueay

11 ssep) I Sse[D 1 sse[p [euwlIoN

"I ‘. ‘1) esEdiadiy 1o

E bizpusls pu= ssnfea

uesd 9Gl




with o funotion lne, which
i that within the group of
- olun -rmﬁlmw 27, 28, 83, und 98)
s 111, Three pationts of claws 111 (pas
80) are abeve the functlon line, elose to the group of
p&uantu .of_olan I, The function line drawn to give an optimul wepara-
tlon of clasg II and class IIT has been established by means of o funo~ '
) J,"' tlon elassification, using tﬁe following function: 1.480 x Polar., 1. +
., / 0.1047 x NUC.S = 4,35 = 0.

_ / A retrogpective analysis of the records of patients ocluswlfied nw
Ll _ : / clugs 11 has been carried out to see whether lesions (rom patlants above
! N ,‘( the line, if not treated other than by endoscople blopsy, run a difs
¥ fopent course from those below the line. Seven ol 16 patlonts were
l! / axcluded from the comparison for the following reasons, Throo patlents
el \l !,/: (26, 83, and 34) at the time had been treated with radiotherapy for

1|

|

P their class 11 lesion. If an infiltrating carcinoma was diagnosed within
one year of the first blopsy, as was the case in two patients (21 and
—— : 1V , J , ~28), those patients were excluded as well on the assumption that the
: ; ; : 45 178 2n 246
mean huciear polety nermacdae lyer ctans first biopsy was probably not representative of the lesion. There wus
E" A Boattergram of all cases: normal epithelium ®, class Im, class 1Y, class also doubt about the first bilopsy of one patient (22); within some
months after the first biopsy (class I1) a second blopsy was done, In
‘_mmrmlmuwwwmm which a class [11 lesion was found. Pinally, one patient (20) was ax-
[ gluded beepuse he had been treated with radiotherapy nine years bofore
for an unknown condition of the larynx. Of the remaining f(ive patlents
of clags I1 above the discriminant funetion line, one (31) developed n
enrcinoma alter eight years and another (25) showed a cureinoma in siiu
(olass 111) within two and a half years. The other thrae patlents of thin
group followed a favourable clinical course, Of the two patients of the |
group of class 11 left below the discriminant funetion line, one (47)
developed a carcinoma after 10 years, whereas another (356) had develop ‘
wd o caroinoma in situ after one year, '
All patients of class 111 have been treated, either with radiothes
vapy (n=13) or they underwent a cordectomy (n=2), Thus long term |
follow up on non=troated patlents within this group s Impossible, ]

—
& ?qm: Ly = m”‘“t mﬁm:?" Fﬂhﬂﬁv Antermodinto lnyar; W s/ enn

A L A T s

__-_III-I_ R

®40

e

1 : A Y i
123 154 184 2. 245
meannuckear polanty intermediate lyer (mdians)

am of all cages of class Il and cl 1 1 (pat
su 1T (patients 36-50)., anr T s



DIBCUSSION

The histologieal clussification of squamous cell lemfons |n vary subjoc-
tvo.” Fow studies applying objective methods have boon carrled out to
amseny the epithelial characteristics of the so called premalignant lesions
of the laryngeal mucosa,

Savaral wm'kera2_4 R 'ekd have performed photometric studies de-
tormining nuelear DNA content and nuclear area. Hellquist et ar’® have
Investigated, in particular, patients with lesions with dysplasia; the
nuelel measured in  their study were taken at random through the
aplthellum, Their findings did not show any morphological or photo-
molrle differences between the epithelia with moderate dysplasia which
nubimequently developed severe dysplasia or carcinoma in situ and those
thut did not. Apart from doubt regarding its usefulness, it appears
unlikaly that spectrophotometric analysis will be used routinely if only
Booaune It cannot be performed on routine stained and one also needs
sxponuive photometrie equipment.

Morphometry using simple objective parameters which can bhe ap-
pliad on any routine processed material has proved to be of use in
grading ull kinds of tumours, including bladder” and prostate tu-
lTll!lIl'H.lH In this study morphometry was applied to histological slides
[rom patlents with squamous eell hyperplasia of the laryngeal epithe-
Wi, classified according to Kleinsasser. |

Mensurements of the nuclei were done in the three layers of the
oplthelia that can be distinguished: basal, intermediate, and super-
flelnl. This appears to be an essential difference from the approach of
Hollguist ot al. With morphometric parameters we showed that between
eluwy 1 and class Il and between class I and class 11l there are six
Mginifioant parameters. Thus with the assistance of morphometry,
OMpuelally with the mean nuclear area of the basal and intermediate cell
lnyer (an increase of the nuclear area from class I to class II and from
vlasn 1 to class IT1 in both layers) and with the mean nuclear polarity
I ull three layers ( the polarity expressed in radians increases from
olukn I to clags 11 and from class I to elass 111 in the three layers each)
ane ounn oasily distinguish between these classes (class 1 and elass II,
and cluss I and class 11),

Tho differentiation between elass II and eclass I, however, is
more difffeult, Only three gignificant morphometric parametors betwoen

(howe olowson wore found, Applioation of o stopwine disoriminant snalysia
(the fonturos wee avvapged oo certaln sequonce to diseriminate bhe
fwoon  the groupsr with & oomibination of {wo parameters: the moesn
nuclens pelacity of the Intepmediote loyer and the monn huelonr orow
ding of the wsuperficlal layer (Flg. 4)) results in o diviglon Into two
groups thut i nol Indentlienl to the division by histopathologlonl oxu
mination alone: n small cluster of histologleally classified clows 11 losions
below the diseriminant function line morphometrically falla inta the olass
11l eategory. Unfortunately, we could nol defermine whethor thin partls
cular morphometrically identified cluster of closs 11 lesions lollowod n
clinienl course typical for class [l lesions (for several reasons many
patients had to be excluded in the retrospective clinical analyalu),
Histological revision of lesions, particularly of eluss 1T and  olasy
111, even by experienced pathologists is not reproducible fn muany
¢ages, In this study nuclear aress, shape factors, crowding, and opl
thelial width have been measured, The morphometrie findings are highly

reproducible for the classification of squamous cell hypoerplagin of the

laryngeal mucosa. Furthermore, the findings suggest that the wusnl
histopathological classification of Kleinsasser may be Inadeguate  for
there is evidence of two groups within class 11 above and bolow (hy
diseriminant funetion line, The elinical course of those two groups

needs study and definition.
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SUMMARY

By means of morphometry, differentiation between the classes of lnryn-
geal sguamous cell hyperplasia can easily be performed, mutually
(Kleinsasser's classification) and in comparison with normal epithelium,
It is rather difficult, however, to distinguish between class II (hypor:
plasia and atypia) and class III (carcinoma in situ). In the group of
class 11 lesions, two groups of patients could be differentiated u prog-
nostically favourable and unfavourable group. When using n uuel_a'
discriminant analysis, the two groups mentioned could be distinguishad
morphometrically. In histopathological examination, lesions elannl lad III
hyperplasia and atypia (class II), must also be examined with marphas
metry, because in this way the group at risk can be tracod,

INTRODUCTION

In grading the 'premalignant' lesions which develop [rom the lﬁ‘ﬂWﬂi
epithelium of the larynx, hyperplasia and atypin ulfﬁ the Ul‘l.ﬂw
features. Therefore Kleinsasser tried to resolve the confusion about the
terminology and the several descriptions of hyperplastio lesfonn of the
laryngoal epitholium and introduced the term squamous ool hyperpla-
sla* £ During recent decades many cases of transition from hy
tie and wimilar loslons into invesive earcinoma have been d
Thone studi Cthat, in analogy with cervieal dysplasia, 1




N —

nooontinuoun ranglng from hyporplastio lesions to ourolnoms I wltu and

that subwsequently an Invasive saroinoma can devolop,

Comparison of the varlous studies is not casy  bocaouse of the

varlety of histopathological classification and terminologies used by

different  authors, In retrospective eclinical analyses, Kleinsasser's

Table 1. The numbers of non-treated class I

» class IT and class 111 patients, who
daveloped an invasive carcinoma

Class I Class 11 Class 111 Mean interval
Klolnnanser (1), 1063 5/61 1756 18/20 6 vr
Delomarre  (8), 1970 3/20 6/26 4/8 2% yr
Lubusen (65), 1980 1/23 5/18 1/3 5% yr

clusnification has proved of interest® 4 ° (Table 1),

Hyperplastic chang-
on In the epithelium

of the larynx fall into one of the three classes
fitaording to the degree of cell atypia present: class I:

simple squamous
uoll hyperplasia; class II:

squamous cell hyperplasia with atypia; class
in situ. However, it is impossible to actually draw a
kharp line between eclass 11 and class 111 and the differential diagnosis
as Lo squamous cell carcinoma may present problems,

H1: carcinoma

There will always
bo n subjective element in the diagnosis of a pathologist, which is why
objootive parameters may be useful,

Soveral objective methods such as photometry
copy hav

and electronmicros-
@ been adopted by various investigators to assess the epithelial

charactoristics of ‘premalignant’ lesions of for instance the oral mucosa®

and of the laryngeal mucosag. In an earlier study we have defined

morphometrieal parameters to differentiate the three elassesm. The
lindings suggest that within class I

» two groups with differing progno-
Hou gould be distinguished.

Unfortunately, as most of the class I1 (and

Wl olags 1) lesions were treated, this aspeet could not be evaluated,

Tharoefore In the present study only

slides of non-treated patients were
oxamined,

The objective of this study was to test the hypothesis on a large

Kroup of nonstreated pationts with long-term follow-up, classified on

the flest taken Wiapey 66 Shies l'f-. The untrentad pattents from oloss |
and clasy LI will wleg e studlin

MATERIAL AND METHODS

Material ‘
A total of 59 microscopical slides of non-treated patients (18 claws 1, dH
class Il and 38 class III slides) and 10 controls with nm'uurll‘ laryngonl
epithelium, were selected by two of us (J.D., .P.O.).' I'he blopuy
specimens were all first biopsies taken from palients Wll}l. ]IIT‘_\I’IllH‘(Hﬂ
hyperplasia from' the files of the Department of Otolaryngology ol ,t.h”
Free University Hospital and the Antoni van Leeuwenhoekhuis (The
Netherlands Cancer Institute) both in Amsterdam. These patients wors

carefully followed up for a period of at least 6 years.

Histology :
Formalin-fixed (10%) and Paraplast-embedded laryngeal specimons wore
used. The sections (4 pum thick) were stained with haematoxylin and
cosin. The microscopical slides were reviewed and classified m-lmn'tlllls{
to Kleinsasser's classification. The characteristic morphological fenturos
of the classes are, class I: broadening of the squamous epithelium, with
a regular structure and without atypia; class Il F-‘.hi_)\'\r.‘-i.l.}l(} ulm:'m-lur-lr.-linl
morphological features of class I and besides cell atypia; the pleture ol
class Il is that of carcinoma (polymorphia and atypin) without Invasive
growth (Fig. 1, chapter III).

Morphometry

The degree of tissue organization is particularly relevant In morpho
metrical analysis. Anisotropic tissues demonstrate n layering m: ordering
into regular patterns and by definition, this oceurs in stratified qu.ln
mous epithelium; in isotropic tissues lheli;:()m]mnm:lh do nol leummllllll:u
any perferred orientation, the liver e.g. . II'I(“\.ITIIPIIIZI] coll Inyora w 1 l“ll
the epithelium form polarized al;r;ets;,} within which the lnrlivtrhu:] u:hn:
possess structural homogeneity Y. The Individual steatn ean  be
unulvHvHM pnd the process of differentistion enn be guantitatively
ns:-mlxmml by comparing data oblained from succospively higher npl!lmllu.l
Iuyut'n“. In routine dingnosis pathologlsts classify the lesions avoording
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o the Wutopathologionl featuros of the colls I the epithelial Tayars,
Therelore we weloctod ureas which showed the most
tures nocording to the o

alinrnotevintlo fen-
lnss (this selection proved to be roproducible)
and measured at random chosen nuclel in the three oell lnyers of the
aplthalium; the basal cell layer: a row of cells following the basal
lamineg the superficial cell layer: restricted to a superficial layer of 3
lo b eolls, and characterized by densely distributed keratohyalin gra-

nules, In botween these two layers is the intermediate layer of stratum

lemmumﬁ. Measurements in this layer are carried out in the middle of
the epithelial width. The slides were projected with a projection micros-
pope (100x) on & digitising tablet (Summagraphies Corp.). Of each
luyor, 60 nuclei were measured. The nuclear crowding was estimated
from photographs taken from the microscopical slides (enlargement 100x)
within a fixed, but arbitrary square. The data were transferred to a
POP 11740 (Digital Equipment Corp., Maynard, Mass.) and after simple
transformation, transferred further to a Cyber 750 (Control Data) for
ntatistleal analysis.

If'rom each case measured, the following parameters were calculated
In ench of the three cell layers, with the exception of (e) and CEYy

(n) Mean nuclear area (um?); its standard deviation is & measure
ol anlsokaryose,

(b) Mean nuclear eontour index; the NCI is a size-independent
nhape parameter, defined as Perimeter

\/ area

Ity minimal value is found for a perfect cirele and is 3.545,

2R v
S A 3'545)-

T'he NCI Inereases when the nuclear irregularity increases. Its standard
dovintion is o measure of polymorphia,

() Mean nuelear polarity (radians; 1=radian 60°), a parameter
for orlentation of the long nuclear axis, for which the angle between
lhe long axis of the nuclei and the local basement membrane was meas-
ured, Whon the axes are generally orientated perpendicular to the
Cloonl) Bagemoent membrane, as in the nuclei in the basal cell layers, a
polutity of & 1,67 radians is found. When the axes are generally orien-
tatad parallel to the surface, as in the nuclei in the superficial layer, a
polarity of £ 0,0 radiang 18 measurvod.,

02

-

i 14

() Nuelonr orowding thumber of nuelel per unit volume ), the
number of nuolel per aebiieeey unit aren, r

(0) The epiihelial widih (Arbiteary Units, A.U.), o measure (o1
hyperploslng only (hose papts of the section which wera vertical to the
epithelial surlnoe, wore soleetoed for the measurement,

() The widih of the stratum corneum (A.U.) a measure for (hy:
per-) keratosls. '
An attempt has been made to measure the cell size as well, howevaer,
the quality of these sections fixed in formalin did not allow for ncourate

measurements of the cell size,

Statistical analysis oy
Descriptive statistics were calculated for each class regpactively

coxon's test was used to establish the difference between the clannen,
As the level of significance, p < 0.05 was adopted. A multivariable
analysis was performed and the most discrli;ninati.ng pm'u.mutm'ﬁ (Hl(!i.iwlml
discriminant analysis; method: RAO's V') were used to diatinguinh
between the group of patients from class 1I that developed invasive onr
cinoma or became a carcinoma in situ (class III) and the group of

patients that did not.

RESULTS

The descriptive statisties calculated from the morphometrically asnonnod
features of the nuclei and of the epithelial width, of the normal epl
thelium and the three classes (I, II and III) are recorded in Tuble I,
In Table III the significant parameters between the classes are Hated,
When comparing the control group with normal laryngeal epltheliun,
class 1 and class I1I, many significant parameters were found, Cluns 111
consists of only 3 non-treated cases, and we thercfore added the re
sults of measurements of class IIl from an earlier study (10), An 1o
class II and elass 1II, the comparison is more difficult.

In a scattergram (Fig. 2) the mean nuclear contour index ln the
basal lnyer of all cases of class 11 is plotted against the mean nuclent
crowding In the basal layer. The numbers correspond to the patient
numbers In Table 1V, in which the patients histologieally clussiflod o

alives 11 nee wlwe rocordod according to thelr elinfeal follow=up.

- .
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1.5240.44
38.5+8.7
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1.4040.71
1%.715.7

three cissses of
Class 11
0.4820.19 0.38+0_24
0.12+0.27 0.0720.15
60.87T+18.5 64.88+26.2
3.82+0.15 3.84+0.15
1.44+0.17 1.56+0.18
40.9+11.4 40.1%10.86
83.51%15.2 83.92+31.7
3.65+0.08 3.710.1
1.28+0.6 1.52+0.36
23.2%6.7 28.9+9.6
60.2+16.4 B80.26+36.5
3.95%0.21 3.8320.15
1.15+0.9 1.49+0.65
16,1+4.7 20.7x13.2

‘and of the

0.1130.04
*6:6
3.73%0.14
1.53+0.25
56.0+2.3
3.6920.07
1.42+0.25
43,637.4
38.0+5.3
4,16+0.23
1.58+40.44
32,848,.2

Normal Class I

62.47£9.2

45.

in group iia and group IIb; see text.

(A.T.)

Intermediate cell layer

Mean nuclear
area (pm?)

Mean nuclear
polarity (radians)
erowding (A.0U.)

Mean nuclear

Superficial cell layer

Mean nuclear
polarity (radians)
Mean nuclear
contour index
Mean nuclear
polarity (radians)
Mean nuclear
crowding (A.U.)
Mean nuclear

srea (pm?)

Mean nuclear
contour index
Mean nuclear

contour index

Crow

il
401 LU
040 : o
wid
% il .
304 olif
5%‘ Ca
E.
2 adl
F
5 . r : —
345 354 a6a 384 389 an A2
o:F o=l the mean nuclear contour incho basal o

‘Fig. 2. All cases in class II. Most patients who subsequently developod an
invasive laryngeal carcinoma, or developed a carcinoma in situ, are found to tho
right of the discriminant function line. @ Patients with a favourable clinionl
course; O patients with an unfavourable clinical course. Patient numbors corven
pond to the numbers in Table IV.

Most patients (nos. 31, 37, 45, 47, 49, 50, 52, 54, 55, 66, 67 and 0O#)
who developed an invasive carcinoma after 1, up to almost 10 yours
from the first biopsy, are clustered in the scattergram right of tho
discriminant function line (funection: Mean Nuclear Crowding buaual luyor
+ 128.57 x Mean Nuclear Contour Index basal layer - 520,20), On the
left side of this line, 5 patients (nos. 80, 40, 48, 51 and 63)arve [ound
with an unfavourable clinical course for the larynx. Patlont no, 80
developed a carcinoma in situ (class III) within 2 years after the (st
biopsy; this was classified as class 1. The other 4 patients doveloped
an invasive carcinoma after 14 to 6 years.

Whereas the remaining patients in class 11 (n=21) had o favourable
clinical course for the larynx, 3 of these (nos. 38, 89 and 40) died,
but not within 3 years after the first and only biopsy (no, 38; cores
brovaseulur aceldent; no. 49: primary pancreatic enrcinomu; no,
primary bronohinl esrcinoma). All patients with a favourable




oourne vontinued to have clussiflontions lower than or sy Olan

At wocondary (and/or subsoquent) biopsios. Soven of (hese prtle

found in the wame area as most patients with an unfavourabls o
auurHe,

Mg, 8 shows the nuelear differentiation patterns in the three
layors, for mean nuclear area, mean nuclear contour index, mean nu-
dlonr polarity and mean nuclear crowding. In class 1 the mean nuclear
aroas in all three layers are larger than they are in the normal epi-
thelfum, This can be interpreted as nuclear hyperplasia., There is a
rosemblance in differentiation patterns for class III and class 1 regar-
ding the nuclear area. However, when comparing the nuclear polarity,
the nuclear erowding and epithelial width and the width of the stratum
gornoum (see also Tables II, IIT), there are differences.

Heeause of differing elinical courses we divided the patients of
clasy 11 into two subgroups: group Ila: 21 patients with a favourable
olinfenl course for the larynx, and group Ilb: 17 patients who develo-
pod a laryngeal carcinoma or carcinoma in situ (class I11). For this
ronson these patients received a full course of radiotherapy and in the
wame of a recurrence they were treated with a partial laryngectomy
(now, 37 and 48) or a total laryngectomy (nos. 31, 40, 49 and 53).

In group Ib the mean nuclear areas in the intermediate and su-
porficinl layer tended to be larger than the areas in the same layers of
group Iln (Table 11, Fig. 3). However, no statistically significant
purameters were found for group Ila and group IIb (Table III).

~ When using a linear stepwise discriminant analysis (method: RAO's
V\u') for groups Ila and I1b, after 5 steps a p-value of 0.0093 is found
(Wtops  1-5: mean nuelear contour index basal layer, mean nueclear
wadi-na' basal and superficial layer, mean nuclear area superficial layer
nnd standard deviation mean nuclear area basal layer). The Ffunction
(1) for diserimination of the groups is: 4.71 x mean nuclear contour
Index busal layer +0.01 x mean nuclear area superficial layer +0.23 x
utandard deviation mean nuclear area basal layer +0.16 x mean nuclear
orowding basal layer +0.06 x mean nuclear crowding superficial layer
“41,25; where Fa0 denotes: unfavourable propnosis and F<0: favourable
Prognosis.,

Whaon the five steps are included in the analysis, 79% of the indi-
vidual cases of groups Ila and Ib can be correclly eclassifiod with an

“averall probability of 0,82 (range: 0,62-0,07) (Table IV), if o declsion

A e Ar T - & 1 % b e G
0 1 l oA A 1\ /'I [\1/1
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Fig. 3. Nuclear differentiation patterns (mean values and standard deviations of
the mean nuclear area, the mean nuclear contour Indox, the mean nuelaar
polarity and the mean nuclear crowding) in the three layoars (bebnunl uu lnyer,
{=intermediate coll layer, s=superficial cell layer) of opithelin with mquamous well

hyperplosio,
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threshold 1o distingulsh between the groups of 0,060 tn taken, When o
threnhold of 0,80 is adopted, 20% of the coses full i o 'deubtiul’
grovp. The flgure of 79% is optimistic when the decision rule s npplied
for general dingnosis, because for evaluation of the rule the same popu-
Intlon wus used as for assessing this decision rule.

Looking back to the scattergram (Fig. 2) 5 patients with an unfavour-
nble clinical course for the larynx were found left of the discriminant
funetion line in the middle of most cases with a favourable eclinical
gourse (group Ila), Three of these patients were - although they had
an unfavourable elinical course - aceording to the morphometrical clas-
uilfeation, clagsified in group Ila (nos. 30, 48 and 53, with a proba-
Lility of 0.60, 0.80 and 0.91 respectively). Of the remaining 2 patients,
no, 40 was morphometrically classitied in group IIb with a probability of
Junt 0,62 (‘doubtiul' case) and no. 51 with 0,96. So in this scattergram
the only ineorrectly graphically reflected but morphometrically correctly
elasplifiod patient was no. 51,

DISCUSSION

I'or o consistent grading of 'pre-cancerous' squamous cell lesions of the
Inpyngoeal epithelium, quantitation of characteristics of hyperplasia and
atypln may be helpful. The basis of any quantitative study should be
the npproach of the pathologist towards routine diagnosis, which means
that those cells should be quantitated on which his diagnosis is based.
I much an approsch to quantitation is maintained, the results obtained
oun be 'translated back' o routine pra::ticelﬁ. Morphometry might reveal
diseriminant parameters that are not easily estimated by pathologists.
Quuntitation has alveady proved to be of use in, for instance, the
proding ol endometrial (_lsu‘cinmmuﬂ and the grading of (uterine) eervical
luulurmm.

In n previous Hludyl'0 it eould be demonstrated that one can easily
distingulsh between class 1 and elass II, and between class I and class
Iy The differentintion between class II and class III was more diffi-
oully  Class 11 appeared not to be a clearly defined group. For that
niudy, wselection of the slides was made on their quality and on their

raprasentativity for the clags in which the lesion was clussified, In the
prasent gtudy, only non=tronted patlents wore selocted, which means no

70

trontment other U meeely Sl after endoscoplo blopay,

Batwoon olons | sl £h8 poemnl spithelium many stgnifioant morpho:
metrleal puramotors wee found, Class (11 conslets of only thres non-
troated cason, (hoeslare we added (he results from the earlor study to
make the comparison with for Instanee class 1 more roliable, Howaever,
in routine histopathologloal peaetice, differentiation between cluss 1 and
class 111 as woll os belwesn closs I and normal epithellum 18 not too
difficult.

The patients in eclass II have been divided into 2 groups bocnuse
of their differing clinical course (Tabel IV). Most of the patients (n-12)
who finally developed a carcinoma (n=17), form in a secattergram (Ily,
2) a cluster in the right-hand section (group IIb). On the other hund,
the group with - on the average - a more favourable clinical courne i
clustered in the left-hand section (group Ila). This scattergram whn
made from all cases of class II with use of parameters (the mean nuclonr
contour index basal layer and the mean nuclear crowding basnal layor)
which proved to be most diseriminant for group Ila and Ilb (stepwisn
discriminant analysisls).

In the study of differences between the groups in eclass I, none
of the morphometrical parameters used reached statistical significnnce,
When linear discriminant analysis was applied to the morphometrical
parameters, clear differentiation between the groups in Ila and b wan
easy (by using five parameters, 79% of the cases in the two groups
could be correctly classified, with an average probability ol 0,8%),
while by light microscopical examiniation this differentiation was dif-
ficult. In the morphometrical discrimination between the prognostically
favourable and unfavourable lesions, altention was paid to the nuleay
area in the superficial layer, the nuclear crowding in the bawsul and
superficial layer and the nuclear polymorphism in the buasal layor (nu
clear contour index), all of which were found to be increased In the
case of lesions from the prognostically unfavourable group (group 11h)
vis-a-vis group lla. By econtrast, the fifth parameter included in the
analysis, the nuclear anisokaryose in the basal layer (as exprossed In
the standard deviation mean nuclear area), proved lo ba less pronoun
ced for the group prognostically unfavourably classified, when aompared
with tha faveurably classified group.

Only 4 of the patients (n=16) who were, according to the initial
biopuy taken [from the voenl cords, classified ns clusn 1 (hyporplusia

l

.
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and atyplu) and who subreguently wore found to have larynxonralnoein,
passod through the carcinoma in situ stage. The patients olussifled in
the prognostically unfavourable group form a special group at rlsk of
devaloping an invasive careinoma. They need extra attention in the
histopathologieal examination, The lesions histopathologically classified
un class 11, must also be examined by means of morphometry to esta—
Blish 0 more accurate classification.

Further studies are being carried out on a test set, to ewvaluate

the results of the decision rule as employed in this study.
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ABSTRACT

Laryngeal biopsies of squamous cell hyperplasia with atypia were
by means of morphometry, using 5 non-correlated nuclear parof
preae]ected with Ii'near diseriminant aﬁ'alysis, and were tested ﬁn- \

mens were ohta:med from 18 patients who were marely follomﬁ
necessary underwent a repeated biopsy examination. The laliﬂnl_
patients progressed to invasive carcinoma. In 8 patients the |
further biopsies were again classified as squamous cell prﬂ.'pl
atypia. For both groups the mean follow-up period wus .’-’__ 2 yoars (
ge: 83-11). In the progressive group 73% of the biopsies ware mi
metrically class‘lfiad as prog’rmsfic uﬁf’a\réurahle, whereas ﬁl&l

pat:.ents, the results as prasented still are inﬁ"
classifiaction probabilities may be improved wh.m thi
treated patients with squamous cell hyperplasia w
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histopathologlon! diagnosls I required, In our hosplinle we use o threa
grade classifiention: cluns 1, simple squamous cell hyperplastn| olaws 11,
Rquamous coll hyperplagla with atypla; class 111, careinoma in situ, This
olasnifloation carvles prognostic significance, which was  shown by
Klolnsassor, who introduced this clussit’icationl A and by two others 3

i 0l three studies included large series of patients. Our management
polloy 18 baged on this clagsification implying in case of class I or class
I, meroly follow-up of the patient. In eclass III lesions usually radio-
therapy was applied and in some cases endoscopic (302 laser surgery or
only endoscopical removal,

The reproducibility and objectivity of the diagnosis in lesions
which vary from normal to malignancy as a continuous spectrum, as is
tho oane In laryngeal epithelial hyperplasia, can be improved by quanti-
Lullve objective nmthoclss. It was shown beforeﬁ that quantitative objec-
tve parameters can easily be applied on routinely processed material, in
ordoer to get a more reliable assessment of nuclear atypia, particularly
In ke of hyperplasia with atypia (class II) and carcinoma in situ
(Clawn I11). In practice, the problems encountered in the use of this
olapulfleation are found in that part of the continuous spectrum of
liyperplantic squamous cell lesions of the larynx. The clinical relevance
ol u computed morphometrical decision rule for these type of lesions was
shown In o former studyT. To evaluate the prognostic significance in
untronted patients with laryngeal squamous cell hyperplasia with atypia,
il wtudy has been carried out on a set of repeated biopsy specimens

from patlents initially classified in class II with long term follow-up.

MATERIAL AND METHODS

Patlonts

A total number of 118 patients with squamous cell hyperplasia of
the lnryngeal epithelium were seen between 1974 and 1981 in the De-
partmont of Otolaryngology of the Free University Hospital and in the
Antonl van Leeuwenhoekhuis (the Netherlands Cancer Institute), both
In Amsterdam, The Netherlands. Thirty-two patients were at revision
olugniflod as carcinoma in situ, 30 patients received for this reason =
full vourse of radiotherapy. For this morphometrical investigation only
blopsy wspecimens from untreated patients (n=18) with repeated biopsy

0

T ——
oxominntions wore selsetued, pl!fﬂﬂllud ab deant @ months after the Initinl
blopsy, which has Wistalegloally classifiod an hyperplasia with atypla, I
this study 62 laryngeal blopey specimens have been examined.

According to thely olinleal outcome the 18 patients were divided
into 2 groups, group 11 § patlonts with a favourable clinical course anel
group 2: 10 patients with an unfavourable clinical course. All pnllnnlln
were males and were followed=up for at least 5 years, The mean age for
group | was 56 years (range: 28-80) and for group 2: (I].}E‘I: yoans
(range: 46-78). Between group 1 and group 2 no pregnant difforencou
were found for this small group of patients as to their smoking habltn
ar alechol consumption, the duration of the hoarseness and {the localiun
tion of the lesions on the vocal cords.

All the follow-up biopsies (n=26) of the 8 patients with a favour
able clinical outcome, who did not reeeive any kind of treatment, woro
again classified as class II (Fig. 1). One of these patients (no. b) diod
from a myocardial infaretion, another patient (no. 6) from a primary

bronchial carcinoma, 8 and 6 months respectively from the last biopusy

exaimugtion. follow-up period (years)
T T E T St
1 m,53 ’:2_ 2 '2
2 m,a8 x é 3
3 mye8 b é
4 m,50 é 3 '2 —5-
5 m.68 5—5—5-%-1— cardiovascular disease
6 m,62 2 '2 é Iz Tbmnchia'] Ca
7 m,6l ,i,— é
B m,80 i é é t
m=male

age
Fig, 1 Tollow-up of 8 patients with an initial class [1 leslon (sguamous oull

hyperplasia and atypia).
On the further biopsies these patients were agnin clagsiflod as clayy 11

=)/ T =died.

The 10 patients, who in their first blopsy showed sguamous ool
hyperplasin with atypia (class 11) and had an unfavourable clinioal
coursn further on, were treated al the time thelr blopsy whowed inva

plyve lapyngoal onrolnomn (13 months = 7} yoars after the flest blopsy)
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Mg, & Follow-up of 10 patients with an initlal class II lesion, subsequently
developing an invasive carcinoma (=Ca) RT=radiotherapy/TL=total la-
ryngectomy /N=necknode metastasis/M=distant metastasis/RN=radical neck-
dinsection/2=classified in class 1I (=squamous cell hyperplasia with
utypin) /8=class 111 (carcinoma in situ) /T=died.

(Mg, 2). Nine patients were then irradiated and in case of a recurrent
unrainomn o total laryngectomy without (no. 9) or with a radical neck
dispection (no. 14) was undertaken. In the last patient large metastases
lo the superior mediastinum were found during the operation. He died
In n whort while from these metastases. Two patients (nos., 10, 11) died
d and 3} years later, after the radiotherapy frem cardiovascular diseas-
UM, lour of the 10 patients with unfavourable elinical follow-up (nos.
14, 13, 16, 17) on histological examination first progressed to carcinoma
In witu, One patient (no. 13) received for this reason a full course of
fidlotherapy , but in spite of this, 2} years later, his lesion was histo-
logleally proven to have progressed into an invasive laryngeal carcino-
i, A total laryngeetomy was then performed. In patient no. 17, who
Wan fivst Ireadiated for an invasive carcinoma, nearly 3 years ufter the
rudiothorapy metastases were found in the superior mediastinum. He was
tranted with a full course of irradiation, but he died after 1 year from
the motastases,

mw-

T

Hntapathology

The B2 larynges! Wopsy speclmens woere fixed In 4% buffored
formalin for 1H-80 houes, wubedided In paraplast, cul ol 4«6 pm thick
and stalned with havintoxytin and eosin. All slides were blindly roview
ed by two ol us (J0, PO) and elassified into the class (Klelnsnssnr's
clussil‘luutiunl 2) with wsguamous cell hyperplasia with atypin (n=47) or
ag carcinoma in situ (neB), In class II there is a thickening of (he
epithelium, para- and dyskeratosis and a moderate number of mitosens In
seen. The atypia is defined as individual cells with nuclear aberrationsg
the nuclel may be enlarged, irregularly shaped or mayv have abnormil
staining. There might be a significant loss of polarity and in class 11
lesions the atvpia does involve the full height of the epithelium. In casn
of a class III lesion - carcinoma in situ - there is a full thickness

epithelial replacement hy atypical cells.

Morphometry

Pathological epithelial changes often show focal variations, thore
fore representative areas (i.e. the most atypical areas) are selectod lor
the morphometrical analysis, In each of the two cell layers (basual nnd
superficial) of the epithelium, fifty nueclei, chosen al random, wore
measured.

In the basal cell layer nuclei following the basal membrane and In
the superficial layer nuclei restricted to the superficial layers ol 3-8
cells are chosen. Measurements were performed after projection of tho
slides with a projection microscope (at a total magnification of 1000 x)
on a graphic tablet (Bit Pad One, Summagraphics Corp.). The selectod
morphometrical features were calculated from each measured casoe,

The following 5 parameters, which were seclected in a previous
gtudy using the stepwise discriminant [-mnlysis?. were caloulated for

their most discriminative power.

1.  The mean nuclear contour index basal layer (NCI bas,l,))

. Perimeter . :
NCI: ——————; its value increases whan nuclear frvegularity

\/m'nu
Increases, the minimal value 1g found for a perfect oivole)
d, 0406,
2. The mean nuelonr area supoerficlal layer (um*) (n, ares wip,
La'ds

"
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Jo o The standard deviation of the nuclear aren basal layer (wd,

n, aroa bap,l.),

4,  Total number of nuclel per (arbitrary) unit sren In (he basal

loyer (nuelear crowding; n. crowd. bas.l.).

B, Nueclenr crowding in the superficial layer (n.crowd. sup.l.).
The prognostic formula (F) was: 4.71 x NCI bas.l. + 0,01 x n. area
Mup.l. * 0.23 x sd, n. area bas.l. + 0.16 x n. crowd. bas.l. + 0.06 x
n, erowd. sup.l. - 31.25; where F = 0 implies: prognostic unfavourable
und F< 0 means: prognostic favourable.

The morphometrical measurements for the preceeding studyT were
porformed on the initial biopsy specimens, histologically all classified as
uquamous cell hyperplasia with atypia. In the present study also the
pecondary and further biopsies will be analysed morphometrically, on
the basis of the § selected features. This study includes 26 microscopi-
onl slides in group 1 and group 2 each. The biopsy speecimens on which

an Invesive laryngeal carcinoma was diagnosed were excluded from this
Investigation.

RESULTS

In Tuble I and Table Il the probability of classification by mor-
phometry (using a linear diseriminant analysis) in the prognostie fa-
vourible group and in the prognostic unfavourable group is shown.

In the non-progressive group, patients nos. 2, 3 and 6 (Table I)
uhowoad prognostically a rather favourable clinical course. Although
putient no., 2 and 6 once, on the second biopsy, were classified mor-
phometrically as prognostic unfavourable, the last biopsies were clas-
ulllod as prognostic favourable. Patient no. 6 died 6 months after the
lnst blopsy from a bronchial carcinoma. Patient nos. 1, 5 and 7 were on
thelr ultimately taken biopsies, classified as prognostic unfavourable; so
morphomaetrically there was progression of the degree of atypia. Patient
noy O died 9 months after the ultimately taken biopsy from a myocardial
infaretlon. Two patients (nos. 4 and 8) were three times classified as
prognoptic unfavourable, but showed no progression to invasive carci-
nomu lnter on. For patient no, 4, the classification results by majority
fall into the unfavourable group. It should be noted that 3 of the 4
blopslon show a classification probability of 54%, 57% and 66%, indicating

Morphometrical classification

Third biopsy

Second biopsy

First biopsy

Procn. Fav. Progn. Unfav. Progn. Fav. Progn. Unfav. Progn. Fav. Progn. Unfav. Froga. S==. Prog= Te=faw.

t MmO,

73%

80%
74%
a7%

3%

87%

99%

99%

54%

m

3%

81%
53%

i3%
%

RUE

(1, T}

73%

97%

86%

= w0

% = 1y -
+v of classificgtion by morphometry, using 5 nuclear paramelers, in a prognostic favoursbis

A posteriori probabik
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Table 1.

Progn.Unfav.) group. Histologically the first and nex
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gesl epithelium.
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these 8 pstients were classified as squamous cell hyperplasia snd atypia of the
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90%
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90%
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100%
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of these patients were histologically classified as laryngeal squamous cell hyperplasia and atypia. The seo

and/or third biopsies were histologically classified as atypical hyperplasia or as carcinoma in situ.

A Posteriori probability of classification by morphometry in a prognostic favourable (

tic unfavourable (

10
11
12
13
14
i3
16
17
18

Patient no.

Table II.

aining blopsy, the third one,
ty for olussification in the prog-
itlent no. 8 tho first 3 leslons were
ulo with high probabilitios. Tho lnst
olansified in the prognostic favournble
e but last blopsy examination hod boon

conwldorabla doubl I
on the contrary Al
nostle favourable
clossiflod nn progie
bilopsy spoclmen wu
group. It could be o
"pacical .

Six patients of the progressive group (nos. 9, 10, 12, 13, 16, 17,
Table 11) showed a clear morphometrical follow-up with almost all lesions
classified in the prognostic unfavourable group, or as carcinomn In
situ. The lesions histologically classified as carcinoma in situ wore
tested on the basis of an earlier assessed functionB for diseriminution
between lesions histologically classified as squamous cell hyporplisia
with atypia and as carcinoma in situ. In this study the lesions clunsified
histologically as carcinoma in situ (patient no. 12, second and third

biopsy; no. 13, third biopsy; no. 15, third biopsy; no. 17, socond
biol.asy) were morphometrically all correctly classified.

In 4 patients of the progressive group (nos. 11, 14, 16, 18) the
last biopsies, before an invasive carcinoma was demonstratod, weore
morphometrically classified in the prognostic favourable group. In
patient no. 11 the last biopsy with hyperplasia and atypia was clapsifiod
as prognostic favourable with a rather low probability (63%). This win
also the case with the last hyperplastic biopsies of patients nos. 14 und
18 (B1%, 57% respectively).

Even after the histopathological review of all follow-up leslony ol
patient no. 16, no satisfactory explanation can be given for the Mirple=
classification” of the biopsy, taken before an invasive earcinoma  de

veloped.,

DISCUSSION

Other morphometrical studies of the epithelia of the larger alrways
are concerned with changes in nuclear and eoll parameters g
devalopment of metaplasia and dysplagia in bronehial and nasal apdthes
Hum.

Automatie detection of epithelial thickness, volume density of intra-
collular muous and the number of nuclear profiles per unit arou eg;@{
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foationed  aplthelium provided objective sepnration of varloum typbn o
Bronehial eplthelium (normal, mucous and motaplostie), on was fund lay
Batram and Rogo r-sg.

Altorations of the nasal epithelium were studied by Boysen and
Rolth, who presented a morphometrical model for the evaluation of mor-
phologlen] alterations in the basal ]ayerlo Ly 13 Among the several
[bntures evaluated the mean nuelear transverse diameter, the sum of the
longitudinal and transverse nucleclar axes and the basal cell width (the
voll's attachment to the basement membrane) emerged to be the best
dineriminators for grading metaplastic and dysplastic changes of the
varlous types of precancerous epithelial transformation of the noaem.

A similar problem as in the underlying report, was addressed in a
ntudy by Hellguist et ul.M. In order to obtain an objective and repro-
dueible clagsification and to reduce the subjectivity of the judgement,
thoy examined different laryngeal epithelia (such as: hyperplasia and
different types of dysplasia - mild, moderate, severe) with photometry.
No differences were found in the nuclear DNA values for moderate
dyuplusin  (more or less comparable to Kleinsasser's class II) with or
without a later development of severe dysplasia or carcinoma in situ.
Thoy concluded that long term follow-up has to be performed to evalu-
ule the biological significance of all these different lesions.

This study is part of a larger project where morphometry was
nppliad for a more reliable assessment of the various types of nuclear
ntypli, as in hyperplasia with atypia and carcinoma in situ of the
luryngonl epithelium. In the first study we described a function for
digorimination between squamous cell hyperplasia with atypia and car-
vlnomn In Hllllﬁ. A set of nueclear features was thereafter selected by
diweriminant  analysis to classify lesions with squamous ecell hyper-
plusln as to their favourable or unfavourable prognosis?, as Colgan has
poarformod for marked atypical endometrial hyperplusials. For differen-
tutlon of the two groups we found, the nuclear area in the superficial
layor, the nuclear crowding in the basal and superficial layer, the
nuclear Irregularity in the basal layer (nuclear contour index) to be
lorensed and the nuclear anisokaryose in the bagal layer (as expressed
I the wtandard deviation of the nuclear area), to be less pronounced in
tune ol prognostic unfavourable lesions, with marked atypia, than in
the prognostic faveurable group of lesions with mild nuclear uryniu?. In
Hght microscopieal oxamination, however, the differentiation proved to

b4

he diloult,

I the present study the saleotod nualear features wore testod for
tholr abllity to pradiot the Wielthood of progression from sguamoun ooll
hyperplasgin  with otypls (o lnvasive carcinoma, in individunl poatients
with longterm follow i,

In evaluating the results we hove assigned each blopsy elthor (o
the group of prognostie fuvournble or to the group of prognostic unfn
vourable, A margin of doubt, leaving a case unclassified whon thovre Is
a reasonable lkelihood on both groups (e.g. a classification probability
between 40-60%) has not been used. Classification probabilitios In (he
neighbourhood of 50% are to be considered questionable. When foreing
the morphometrical results into either one group, the concordanco with
the a priori classification is in the non-progressive group 68% (16 outl of
26) and in the progressive group 73% (19 out of 26).

The results of this eclassification as displayed in the Tables I and
II are not always consistent with what one would expect on the basls of
the eclinical course. The classifieation sometimes appeared o be revor
gible. In some patients a prognostically unfavourable morphomotricnl
classification is followed by a prognostically favourable morphometricl
classification in the sequential biopsy. In these cases the "promuoliy
naney" of the lesion may have been removed radically by the prior
biopsy or the lesion removed is not representative. This is also posuible
in patients, were the ultimate morphometrical eclagsification was unfn
vourable, but in whom the clinical outcome was favourable (e.g. nos. 1,
4; Table I). In some cases the biopsy examination cannol bo regordoed
gs representative for the unfavourable elinical outcome (sampling op
ror), when - as in patient no. 11; Table II - within a few months ufter
the morphometrical favourable examination an invasive lavyngeal cnvel
noma has developed.

For a valuable morphometrical classification of lesions of Individual
patients, the results as presented in the underlying report still e in
gufficient., Thig ig due to the mentioned intrinsical probloms Csampling
error, revergibility in the elassification), the Hmited dataset  (umall
samples of untreated pationts) and the in peneral poorer elassd Hontion
results for teststudies,

A prospective study on greater samples of untreated putlonts with
loslons histologlonlly classifled as closs 11 and elass 111 would have (o he
carrlod out In ordor to dmprove the morphometrienl olasslfiention prabae

1Y



o the Individual patlents. However, 1t will |
- this, bocunuse leaving class 11 patients untren
&W under the following striet conditions: the lesion s it
voonl cord and can macroscopically be removed in toto at inftial m
wmlunpy: patient and anatomy allow for indirect laryngoscopy to be

md out eaaﬂy dur.’mg‘ follow-up, and patlent should ecomply with

g.ly mny even be Belection of a new set of dlscrimmatmg features.
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From the foregaing chapters it is elear that dmﬂﬂ%ﬂ@hwﬂ- the wo
called precancerous lesions of the laryngeal mucosa g m&ﬂﬁl im
cially for class 11 and class 111 lesions. Reproducible classifieation Is
important because of the different management policies for class 11 and
class III lesions. Moreover, indentification of patients in the M
group with an unfavourable clinical course is desirable, il

In this study morphometry was applied in order to :ﬂl_tﬂm,m
whether morphometrical analysis of some epithelial dhn-radilﬂiﬁm m -

contribute to a reproducible histopathological classification of seunmon
cell hyperplasia of the larynx, Microscopical slides of patients VA
hyperplastic laryngeal lesions were projected on a graphic dig
tablet. Measurements were made of the nunlei (‘&I‘e&; ﬂﬁmﬁw

analysed s’aatlatically s.nd a function frm v
cell hyperplasia with atypia (class I1I) and rnmninm in
was developed (chapter I11),

As in other refrospective clinico-puthological an
tients in this study had previously been tmmm
eiasa 111 miona. Tmn Mndm m m\m mﬂmw
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flontlon of patfonts with olass 11 lesions who submequently developed
Invamive  curolnomn  (ubout d0-25% of the untreated oluss I pationts)
proved to bo difffeult on histopathological grounds.,

Thin study has shown (chapter II) that the majority of the pa-
tonts with a clogs 11 lesion, who later developed an invasive carcinnrﬁa
didh not go through a morphologically identifiable carcinoma in situ stag;
In the blopsies taken., Further, we were able to select in a retrospec-
Hve wtudy from learning set of class 11 patients, those morphometrical
phrametors, which identified class II patients, who later developed
Invamplve carcinoma. However, when these selected parameters formulated
I a numericnl decision rule, were tested on another set of class II
loulone the results proved to be insufficient., It should be noted that
thin study wag hampered by several factors: the "premalignancy" of the
lawlon may have been removed radically by the prior biopsy, or the
lonlon removed is not representative (sampling error). Retracing these
lnators v difficult because the localization of the lesions had not been
roaorded precisely. On the basis of these results it is concluded that in
future 1t is mundatory to describe these hyperplastic lesions accurately
and to record their localization photographically, now that the technical
ouipmant s available,

A prospective study on a larger number of biopsies may improve
tho value of the morphometrical classification in identifying the patients
o oloss 11 with an unfavourable prognosis. Longterm (life long) follow-
Hp of the patients is necessary, because even after 10 years squamous
uell sarelnoma hag developed in patients with squamous cell hyperplasia
With mtypla (elass 11),

PEREPECTIVES

Bonldes morphometry the otolaryngologist and the pathologist still
fued other objective methods to predict the eclinical behaviour of class II
lomlonn, In this paragraph possible techniques will be discussed shortly
Whigh may be used to solve the question which patients of class Il havr;
an unfavourable clinical course.,

Lootin labolling of exfoliating laryngeal mucosal cells. Davina ot

1 .
ul” have shown that the lubelling percentage of exfoliating cells of the
uterlte  corvix with the leetin goncanavalin A labelling  method, cdo-

T

oronsed gradually with (nerensing atyple of the epithellum, When the
course of the labolllng perosntage of o potient is followed longltudinally,
the method muy conteibiile to the pradiction of the future behaviour of
0 corvieal intesepithellnl neoplastie lesion. If the same results  are
obtained, when thin mothod ln applied to exfoliating flattened colly of
the laryngeal epithellum, It may help to more accurately clagsily hypor-
plastic lesions of the larynx.

In this respect evaluation of the presence of epidermal growth

factor receptor in cells of the laryngeal mucosa as demonstrated by

monoclonal antibodies may also be of importaneez. It has been shown
for carcinomas that the expression of these receptors is i]‘lt.!l‘mlm!ti:j.
Perhaps a quantitative analysis of the epidermal growth factor receptors
on the cells of class II lesions might yield prospective information.

Recently Tan et ta.l.‘;l have described a low molecular weight factor

related to retroviral PISE in sera of patients with laryngeal carcinomu,

This factor influences negatively monoeyte chemotactic responsivencsu
and thus may have a negative effect on tumor rejection by the immuno
system. Whether the presence of this factor is of significance in identl-
tying patients with class Il lesions, who have an unfavourable prog-
nosis, remains to be evaluated.

More studies now seem to indicate that viruses play an important
role in neoplusiaﬁ. Recently such a role has been claimed for human
papilloma virus type (congress on HPV, Helsinki, Pinland, 1985) in the
genesis of squamous cell earcinoma of the larynx. When these results
can be confirmed by others it might well be that like in sgguamous coll
lesions of the (:er'vixs ?, the presence of certain types of HPV viruses
in the laryngeal mucosa identifies patients at risk for laryngeal ecarel
noma. In this way in situ hybridization for the detection of HPV viruses

in laryngeal mucosa may prove to be useful in the patlents.

With DNA eytometry; aneuploidy is a well recognized fleature of

human tumours, Quantitative DNA analysis reflects to the total ehromo
somal content of tumour cells and can now be determined prapldly nnd
reliable using flow cytometry., In a study of eorvienl intragplthelial neos
[:I]HHIHHH it wan shown that coells exhibiting mild to moderate dysplasin
_ were invariably diploid while arens of severe dysplosia and oureinoma in
situ wore usually anouploid, with o frequency asppronching thal of
invaslve corvienl covelnomn, In o wtudy on dysplostie sgunmous apltho
Ial loslony of the lm'ynxﬂ. uing wtatlo DNA oytophotometry and eompus

01
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g the rosults necording to on algorithin for DNA dingmomte . within the
wroup of histologically mild to moderate dysplasing the puatlents sonld be
Identifled, who were proven to have a ecarcinoma in (ho fallow-up.

Further studies, making use of the mentioned technlques, will
aontreibute to fdentification of patients with class II lesions, who are at
tlule for Invasive laryngeal carcinoma.
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SUMMARY

Thig thesis attempts to elucidate some of the encountered problems
in clinical practice, regarding the classification of lesions with sguamous
cell hyperplasia of the laryngeal epithelium, In literature iu Httlo agro
ment among authors for the definition of these kinds of laryngenl lo
glons. In this thesis a three grade classification, Introduced by Klein
gagsger with modifications of Delemarre, is used. According to the ni
thors hyperplastic changes in the epithelium can be classified s to the
depree of atypia: class 1, simple squamous cell hyperplasing olass 11,
gquamous cell hyperplasia with atypia; class 101, carvelnomn In wsltu,
Retrospective elinical analysis have shown that Klelnsasser's oluosslfion-
tion has prognostic significance: future development of corelnoms corre:
lates with increasing class 1 to [1I,

However, in practice, problems in the use of this histapathologionl
clagsification are converging in the transition ol olags IT to elaws 111, In
this study morphometry was npplied to determine the featuren of nlypla,
in order to improve the histopathological classification of these lesions,

In chapter 1 literature on hyperplastic squamous eell loslons of the
lnryngeal mueosn s veviewed, Thoe value of Kloinsusser's elussifiontion
system s discussed, emphasizing the differentiol diagnostic probiloms,

In chapter 11 a rotrospectlve elinlco-histopathologlonl analysis s
progonted, comprising 200 patients seen  between 10631081 1 the
Notherlands Cancer Institute and the Free University Howpital and
followed for a mean poriod of 8.4 yenrs (ranges b-21), The mowst res
murkable finding ot vevislon of the mleroscoplonl sllden wis, that ahoul
ono (hird of the eawes, who ot reviglon were nsslgned to olass 1,
originally were clusnifled an onrelnomn in situ, while the veverse hap-



pened for fust o fow oases. Tho problom thus wax ovepdl W

whioh  probably resulted In overtreatment in Individunl nm Thn
reproduelbility of the classification, however, may boe lmproved when
sirlot histopathologieal criteria for class 11 and class 111 are umed. For
untreated camen (especially as to class I1) the prognostic significance of
Klotnwnssor's clagsification, which was shown in earlier studies was
vonfivmod,

Morphometry was applied on mieroscopical slides from patients with
Nguamous cell hyperplasia of the laryngeal epithelium (chapter III).
Unlng morphomotrically assessed features of the nuelei and the epithelial
wihdth, one ean easily distinguish between elass 1 and class II and class
1 and elass 111, Differentiation between class II and class III proved to
b more diffieult, The findings suggest that within class IT two groups
With different prognoses could be distinguished by morphometry. Unfor-
funataly, the numbers of patients within these two groups were too
ninall to allow for definite conclusions.

Thorefore microscopical slides of only non-treated patients (i.e.
no-more than endoscopic biopsy) were selected (chapter IV). Most of
{he patlents were classified as elass I and eclass II, only a few as class
T, Patlents with a class I1 lesion were divided into 2 groups on the
basls of o favourable or unfavourable clinical course. With linear dis-
arfnidient  analysis  applied on  the morphometrical features, a clear
distinetion between the 2 aforementioned groups of class [1 patients was
found, Using 5 selected nuclear features, 79% of the cases of the 2
groupn  could be correctly classified with an average classification
probability of 0,82,

The selected nuclenr features were tested (chapter V) for their
ubllity to prodict the likelihood of eventual progression from squamous
m‘l Dyperplasin with atypla to invasive carcinoma in individual patients
with long term follow-up. This study has shown that morphometry is
Insulfiolont for a valuable morphometrical classification of hyperplastic
laryngoul lesons of individual patients.

L chipter VI the perspectives for the clinician and pathologist are
sliown to nehiove more accurate dingnostics and thereby more accurate
troutmont of these lesions.

big,

SAMENVATTING

Dit proefschrift tracht enkele problemen op te helderen, die aloh
In de praktijk voordoen bij de clagsificatic van loesios van het larynx-
opltheel met plaveiseleellige hyperplasie, Uit de literatuur blijlkl duat men
hot nauwelijks eens is omtrent de definitie van dit soort lnesles, In dit
proefschrift wordt de clagsificatie volgens Klelnsagser gobruikl, mot
wijzigingen daarin aangebracht door Delemarre. Volgens dezo autours
kunnen hyperplastische veranderingen in het epitheel op grond van de
mate van atypie in drie klassen worden ingedeeld: klagse I, eonvoudige
plavelseleellige hyperplasie; klasse [, plavelseleallige hyperplaslo mat
ntyple; klasse III, carcinoma In situ., Retrospectiove klinlsche studion
hebben aangetoond dat de elaggificatin volgens Klolnsnaser prﬁgnn‘nl!whﬁ
wanrde hesft: de kans op het later ontstasn van een Invaslef cnrelnoom
noamt toe van Kklagse 1 naar Klasse I,

De problemen bij hel gebrulk van deze histopathologisehe olusul(i-
vatle blijken zieh met name voor le doen in hel grensgebled van llnsse
[ on klagse 111, In dit onderzook wordt morphomotrie toegepast om de
kenmerken van atyple vast te stellen, met het dool de classlficntio van
doze lnesios te vorbeteron,

In hoofdstul I wordt eon overzicht gegeven van de lHteratuur over
hyperplastische plaveiseleellige laosion van het lavynxeplithesl, Do wanps
do van do elassifiontio van Klelnsasser wordt besproken, wanebl] «de
nncdrule wordt golegd op de differentionl-diagnontinehe problomen .,

In hoofdstuk 11 wordt een retrospeatiof kiinlsoh-histologlnoh ondor-

w00k bowchraven, dat 200 pationten botroft, dio tussen 1903 on 1081 fn
hot Antonl van Leouwenhoskhuls en hot Academisoh Zlekenhuin van do

h i




Unversttolt te Amatordam #ljn onderzocht, Dase i :
edurendo eon porfode van gomiddeld 8.4 faar (varlépens
Anary gocontroleerd. RBij herbeoordeling van de microscopinohe propara-
ton blijkkt hot meest opvallend dat ongeveer 1/3 van de Ineslen, die bij
povinte #ijn ingedeeld in klasse IT, oorspronkelijk als carcinoma in situ
Wareh  goclassificeerd. Daarentegen was slechts een beperkt aantal
Tnonton oorspronkelijk te lnag ingedeeld. Een dergelijke te hoge classi-

~ flentle, heeft in individuele gevallen waarschijnlijk tot overbehandeling
Woleld, Do reproduceerbaarheid van de classificatie zou kunnen worden
varbaterd, indien voor klasse II en klasse III strikte histopathologische

~ oulterin worden gehanteerd, Dit onderzoek bevestigt voor onbehandelde
k| patfonten (met name die met een klasse Il-laesie) de voorspellende
~ waarde van de elagsificatie van Kleinsasser.

Morphometrie is toegepast op microscopische preparaten van patien-
fon met plavelseleellige hyperplasie van het larynxepitheel rhoofdstuk
A, Door gebrulk te maken van morphometrisch vasigestelde kenmerken
Vi do kernen en van de breedte van het epitheel, kan duidelifk onder-
noheld worden gemaakt tussen zowel klasse I en klasse 1T als klasse I
on Klagse 111, De verschillen tussen Klasse IT en klasse III blijken ook
met bohulp van morphometrie moeilijk aan te geven. Wel kunnen binnen
“‘ill! 1l twee groepen met verschillende prognoses worden onderschei-
den, Het aantal patienten van deze twee groepen is helaas te klein om
fnn dit deel van het onderzoek conclusies te kunnen verbinden.

Voor een vervolgonderzoek (hoofdstuk IV) zijn alleen mierosco-
plaehe  preparaten uitgekozen van onbehandelde patienten; bij deze
m:ﬁm waren slechts biopsieén genomen tijdens endoscopie. Het
merondeel van deze patienten is ingedeeld in klasse I en klasse II,
Mleohts onkele in klasse 11, De patienten met een klasse II-laesie zijn in
Fm groepen onderverdeeld op grond van een gunstig of ongunstig
I ml’ﬁh 'h\oloop. Met een lineaire discriminantanalyse, toegepast op de
mmﬁhomltrhnh bepaalde kcnmerken, is een duidelijk onderscheid aan te

_ﬂ_i’ “l.ﬂ diﬂ lwee groepen k_&n 79% juist worden geclassificeerd met een

= —mlmlﬂkheld van gemiddeld 0.82, bij toepassing van viif geselec—
toorde korn-kenmerken .,

kenmerken ziin getest (hoofdstuk V) op laesies mat atypische

loellige hyperplasie van individuele patienten, die langdurig ge-

Iﬂn Uit dit onderzoek blijkt dat morphometrie onvaldooende

sokarhald oplovert voor het | tnusifloaren van Klanwe 11-lneston, De
wanrde van doge um-mmm i to goring om In ndividuele gevallon
oon oventuele ontwikiellng van cen Inveslef carclnoom te kunnen voor:
upallon.,

In hooldutul VI worden perspectleven gobodon ann de elinfous on
de patholoog-nnatoom om tot cen nauwkeuriger dingnostiol en danrdoor
tot sen zorgvuldiger behandeling van dozo lnedlos to komen,
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STELLINGEN
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L.

"Morphometry and squamous cell hyperplasia of the larynx".

Met behulp van morphometrie kan de indeling volgens Kleinsasser
van plaveiselcellige hyperplasie van hel larynxepitheel worden ver-
fijnd: binnen klasse II kan een groep met gunstig beloop worden
onderscheiden van een groep met onpgunstipe prognose.

De reproduceerbaarheid van de classificatie volgens Kleinsasser kan
worden verbeterd door de criterin voor de verschillende klassen
strikt te hanteren. Dit zal leiden tot een pgeringer aantal te hoog

geclassificeerde laesies, hetgeen klinische consequenties heeft.

. Om beter inzicht te krijgen in het klinisch beloop van hyperplas-

tische afwijkingen van het larynxsliimvlies, verdient het aanbeveling
deze zowel bij de initiéle diagnostiek als bij vervolg onderzoekingen

fotografisch vast te leggen.

Elke patient bij wie ooit een plaveiselcellige hyperplasie van de
larynx werd vastgesteld, dient levenslang te worden gecontroleerd
wegens de verhoogde kans op het later ontstaan wan plaveiselcelear-
cinoom. Patienten met een klasse II en III laesie moeten hovendien
worden gecontroleerd wegens de verhoogde kans op het later ont-

staan van longcarcinoom.

. Een overgevoeligheidsreactie type III speelt mogelilk een rol bij

otitis media met effusie, In het middenoorslijmvlies zijn tot nu toe

echter nog geen immuuncomplexen aangetoond.

. Roéntgenclogische afwijkingen in een kaakholte van een kind vormen

op zich geen indicatie voor een kaskspoeling.
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115

Medische gegevens van consultaticbureaus voor jeugdgezondheids-
zorg mogen pas na inzage door en na toestemming van de ouders

worden verstrekt aan andere instanties,

Het iz niet raadzaam in de Wet op de Lijkbezorging een termijn op
te nemen die de pgrens aangeeft waarna een te vroeg geboren kind
levensvatbaar kan worden geacht. De wet moet slechts aangeven na

welke termiin een bezorgingsplicht bestaat.

. Het werkwoord "doorverwijzen" is een contaminatie die het taalge-

bruik van medici ontsiert.

Doordat de centrale overheid personeelsadvertenties wvoor hogere
ambtelijke beleidsfuncties slechts in een beperkt aantal dagbladen
laat opnemen, kan op lange termijn het gevaar ontstaan van een

politiek onevenredige samenstelling van het ambtenarencorps.

Applaus bij concerten en toneelstukken devalueert als het te wvaak

overgaat in een staande ovatie.

P.H.M.T. Olde Kalter 14 maart 1986,



