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INTRODUCTION

Since the use of irradiation in the treatment of 

malignancy, it has been known that certain biological changes 

take place within the irradiated cells. The actual basis for 

biological changes within a living cell are still an unknown 

quantity, but when the most intricate or basic changes are 

understood, many baffling questions may be answered. Although 

these basic changes are not known to us or understood by us 

as yet, there are other changes in the cell which are visible 

to us cytologically and can be used to advantage in the light 

of our present knowledge. These cytological changes, until 

the present time, have been studied in the tissue section or 

biopsy during x-ray therapy.

The group of Spears, Glucksmann, and Tousley from 

the Strongeways Research Laboratory, Cambridge, studied the 

biological response to radiation quantitatively in the laboratory 

in normal and malignant cells in vitro and in vivo. In these 

studies, small doses of x-ray are followed by a diminution in 

the number of cells entering mitosis, but the cells so hindered 

may recover from the effects of exposure and ultimately divide.

If the dose was increased, mitotic activity is replaced by 

degeneration due to cells whose entry into division has been 

delayed, breaking down when later they attempt mitosis.

-1-



-2-

Therefore, there appeared to be a direct relationship between 

mitosis and degeneration due to radiation (1)»

Using this basis, it was definitely shown that 

radiation caused a diminution in mitosis, some cell degeneration, 

and an increase in the number of differentiating cells. There 

was a definite disappearance of mitotic cells in adequately 

treated cases. On this basis, these workers applied the serial 

biopsies in the choice of treatment of individual carcinomas 

of the cervix effectively after a test dose of radium therapy (2).

As early as 1921, Fronkle and Amreich studied the 

radiation reaction of tissue in carcinoma of the cervix by 

multiple biopsy method. Although they did not use the cell count 

and classification of Glucksmann, et al, they described marked 

swelling of all cells, and vacuolization and degeneration in the 

malignant cells as a direct result of radiation (3)«

In 1927, a series of seven cases of carcinoma of the 

cervix in radiated patients was reported by Dustin in which serial 

biopsies were used. He divided the changes into four phases; 

where pyknosis of the nuclei and a decrease in the number of 

mitoses was noted, where there was an Increase in the number of 

atypical mitoses, an increase in atypical mitoses to the point 

where no normal mitotic figures were seen, and, a rise in normal 

division of cells (U).

In a series reported by Meigs and Parkes where daily 

biopsies of the malignant cervix were studied during treatment,
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it was noted that there was an increase of atypical mitoses on 

the fourth day after radium treatment and an eventual disappearance 

of atypical division (5),

In 1936, Warren, Meigs, and Severance, presented a 

series of 70 cases of carcinoma of the cervix studied by means 

of repeated biopsies during radiation therapy. They concluded 

that the histologic grade is less important in prognosis than the 

clinical classification and demonstrated that, if the tumor showed 

marked radiation effect and there were changes in the stroma con

sistent with radiation reaction, the survival rate was increased.' 

If, however, the tumor showed little effect and the stroma little 

or none, the patient did poorly (6).

In 1933» Frala, by the serial biopsy method, described 

the atypical mitosis as increasing and then disappearing with the 

complete disappearance of the malignant cells from the eleventh 

to the fourteenth day of treatment. Pyknosis of the nucleus was 

a common observation as was a variable degree of degeneration.

There was noted a marked variation in vessel sclerosis. About 

fifty percent of the cases showed foreign body giant cell reaction 

at the termination of treatment. There was a keratinization and 

hyalinization of the cells with pearl formation (7).

Arneson and Stewart, in 1935, described the response 

of tumor to irradiation as swelling of the tumor cells, ballooning 

degeneration or pyknotic degeneration and fragmentation of the
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nuclei, progressive cytoplasmic opacity and acidophilia, a tendency 

to c o m i f i c a t i o n  and finally necrosis and leukocytic infiltration 

often followed by foreign body giant cell reaction. These studies 

were always difficult because of the impracticability and expense 

of obtaining serial biopsies in the cases being studied or evaluated. 

It did give us the basis for our present investigations but, 

because of the aforementioned reasons, was never practical (8).

With the development of cytological studies in diagnosis 

of carcinoma of the uterus in 19U3, by Papanicolaou, a more 

practical method of obtaining cellular material for study was 

presented and the above obstacles were removed. The biopsy gave 

a very limited area of tissue for study or evaluation while the 

desquamated cellular material gives a more representative area 

of study from the entire genital tract. The vaginal smear is 

more easily obtainable with less expense, inconvenience to the 

patient, and difficulty for the attending physician (9).

The first published wo lit on this subject of 

Ruth M. Graham in 19lt7, has given us the basis for further in

vestigation in the work and I shall follow her basic principles 

and observations in this evaluation (10). Not only shall the 

radiation effect in the tumor cell be evaluated, but the effect 

on the normal cell as well, with the significance of these re

actions on prognosis particularly being considered. This study 

is pursued on the basis of an applicable office procedure in
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patients with carcinoma of the uterus treated with radiation. I 

shall also consider the value of the application of the method 

in following treated cases for early detection of recurrence.

!



MATERIAL

The material in this investigation was derived from 

the radiation practice of Doctor James F. Kelly, with whom close 

contact was maintained on all cases treated for his evaluation 

as to clinical evidence of a good radiation response and prognosis 

on this basis. Of course, it must be realized that the clinical 

evaluation was based not only upon the reaction of the radiation 

administered but on the general condition of the patient, the age 

group, extent of the lesion, stage and grade of malignancy - using 

everything at one*s command that is ordinarily used in the present 

day evaluation of such cases. In our studies, however, we hold 

our evaluation on the basis of radiation reaction alone, and then 

attempt to base prognosis on this alone. Throughout our study, 

the Papanicolaou staining method was used. All smears were 

obtained with the use of a speculum so that the field could be 

well visualized. A slide was prepared from a posterior fornix 

aspiration, from a cervical os aspiration, and from a cervical 

os scraping whenever possible. As far as evaluation for radiation 

reaction alone was concerned, it seemed to have little effect, 

if any, upon the results or conclusions obtained if the three 

slides were used. In the matter of diagnosis alone, the cervical 

os scraping was of additional value in our series of cases 

examined and we feel it imperative for the highest percentage 

of accuracy in diagnosis.
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Slides from 837 patients were studied. Of these cases, 

762 were examined for diagnosis which was done to keep the in

vestigators cytological ability at the highest possible point 

for proper evaluation and differentiation. In investigations 

for recurrent lesions, a total of 32 cases were studied, but 

only 28 were evaluated as it were carcinoma of the ovaries» 

Carcinomas of the body and cervix uteri were evaluated together 

in recurrent lesions. In the investigation for radiation re

action, Ut cases of carcinoma of the cervix were evaluated.

Seven cases of the body of the uterus and four cases of ovarian 

carcinoma are considered separately. All of our cases con

sidered were treated by irradiation, either x-ray or radium or 

a combination of both. The majority of those treated by x-ray 

were given 200 K. V. therapy, however, a few did receive U00 K.V, 

therapy. The difference in radiation effect between 200 K. V. 

and U00 K. V. was not detectable cytologically. There was little 

variation in the type and extent of radiation used in all cases.

The radium administrated varied between 2,000 and 5,000 mgm. hours, 

depending upon the case, but usually averaged about 2,800 mgm. 

hours. The x-ray administered varied between li,000 and 8,000 r 

in air, depending upon the number of portals used, condition 

treated, extent of the lesion, condition of the patient, and 

accessibility of the lesion. The predominant type of lesion 

treated was epidermoid carcinoma of the cervix with stage II and 

grade III comprising the greatest number.



METHOD

In considering this subject, it is well to keep the 

terminology correctly in mind, therefore, it will be necessary 

to review the normal cytology of the vaginal smear and the 

changes that take place due to radiation. In so doing, we 

shall use the work of Graham of Boston as a basis for our 

study (ll). We refer to Gates and Warren (Harvard University) 

(12) and the monograph of Papanicolaou and Traut, for further 

information and more detailed descriptions in basic cytology 

of the genital tract.

The normal cytology of the vaginal smear must be 

considered on the basis of the histology of the vaginal mucosa, 

cervix, body of the uterus, and occasionally from the tubes.

The exfoliated cells from the vaginal mucosa are the basal 

cells, p r e - c o m i f i e d  cells, and cornified cells. In dealing 

with the basal cells, one encounters the inner layer basal 

cell and the outer layer basal cell. The inner layer basal 

cells are small, round cells staining deeply basophilic with 

large, active nuclei and a small amount of cytoplasm. The 

nucleus is evenly vessicular and does not present prominent 

nucleoli. The outer layer basal cells are larger cells having a 

nucleus similar to that of the inner layer basal cells, but a 

more abundant cytoplasm. These outer layer basal cells are still 

round and their size increased, due to an increase in cytoplasm
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rather than nucleus. The basophilic cytoplasm of the outer layer 

basal cell is not so deeply staining and a little more transparent 

than the inner layer basal cell. The basal cells are occasionally 

vacuolated and the vacuoles are usually quite small and evenly 

distributed, or, as in the case of the cervical basal cells, 

there is one large vacuole with the nucleus pushed to one side 

or the signet ring type of cell. Occasionally, the basal cell 

may be distorted in outline and is then referred to as an aberrant 

basal cell. It is usually the cytoplasmic outline that is dis

torted and the configuration of the nucleus does not change.

The precornified cells are derived from the second 

layer of the vaginal mucosa which is the middle layer between 

the superficial and basal layer. These cells have abundant, 

lightly staining, basophilic, transparent cytoplasm. The cyto

plasmic nuclear ratio is greatly increased in comparison with 

that of the basal cells. The cytoplasm may be wrinkled or 

granulated and the cell borders are often irregular due to the 

folding over of the cytoplasm. The nucleus is small and smoothly 

granular in appearance. These cells are very rarely, if ever, 

vacuolated.

The superficial layer of the vaginal mucosa is composed 

of the c o m i f i e d  cells. These cells are similar to the pre- 

c o m i f i e d  cells except that the nucleus is smaller and pyknotic, 

and the cytoplasm is acidophilic giving the appearance of being 

thinner. These cells have a granular cytoplasm and may wrinkle, 

fold over on itself, or roll up completely and be confused with
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a malignant fiber cell. The cytoplasm is also granular in appear

ance similar to the p r e c o m i f i e d  cell. It must be remembered that 

these cells of the vaginal mucosa have a direct relation to the 

estrogen function in the individual. A low estrogen function 

will produce a predominance of basal cells and as the excretion 

of estrogen increases there is a proportionate increase in the 

cellular population of p r e c o m i f i e d  cells and c o m i f i e d  epithelial 

cells. A good estrogen effect shows a predominance of exfoliated 

c o m i f i e d  and p r e c o m i f i e d  cells. This effect also can be ac

centuated by the administration of estrogen and is often used in 

differentiation of a senile vaginitis and a malignancy.

The other cells normally seen in the vaginal smear 

are the columnar epithelial cells from the endocervix, endo

metrium, and occasionally from the Fallopian tubes; the latter 

shall not be considered here as they are so infrequently en

countered. The columnar cell is small and rounded with only a 

narrow rim of delicate cytoplasm. It is more easily recognized 

in clumps when cohesion preserves the cytoplasm so that the cell 

boundaries stand out with greater distinctness. In clumps of 

normal cells, there is little variation in size. The cells from 

the endometrium and endocervix differ from one another in size, 

abundance of cytoplasm, and structure of the nucleus, but frequently 

these differences are negligible and it may be impossible to tell 

whether a given cell comes from the endometrium or endocervix.

The endocervical cells are recognized primarily by
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the ir pale blue cytoplasm and sharp outline with a tendency to be 

finely or coarsely vacuolated. Occasionally the normal columnar 

shape is retained, especially if a row of cells are exfoliated 

together. The free end of the cytoplasm may be squared off and 

may contain cilia with the opposite end tapering to a point. The 

nucleus, situated in the center of the cell, is large, round, pale, 

and finely granular, therefore, the nucleolus is conspicuous 

although not especially large.

The endometrial cells a r e  seen more normally in smears 

during or near the menstrual period or in hyperplasia. These 

cells are round and easily overlooked when they are single. The 

size of the cell is influenced by its functional activity. In 

the resting or early proliferative stages, the nucleus is small, 

hyperchromatic, and the cytoplasm usually appears as a narrow, 

sky-blue, partial hallow, or as faint wisps of blue at opposite 

ends of an oval nucleus. Nucleoli are not generally prominent.

In the secretory phase, the cell increases in size approaching 

the appearance of the endocervical cell. The nucleus is pale 

but the limiting membrane is dark and granular. Hie cytoplasm, 

pale blue and sometimes vacuolated, is larger than it is in 

other phases and usually completely encircles the nucleus. 

Occasionally clumps of typical columnar cells having a pseudo- 

glandular formation are seen.

Besides the normal cell constituents just described, 

histiocytes are present in normal smears and at times are
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difficult to differentiate from malignant cells or from the 

columnar epithelium of the endocervix and endometrium. Phago

cytic histiocytes are not as common as the small histiocytes 

but the latter are the ones that present the most difficulty 

in differentiation, They are smaller than the inner layer basal 

cell and their nuclei are seldom perfectly round but rather oval 

or crescent shape. They have a finely vacuolated cytoplasm.

The foreign body giant cell is also considered in the group 

of histiocytes in vaginal smears since they occur most frequently. 

They are large cells, about the size of a p r e c o m i f i e d  cell, with' 

many oval, smoothly granular nuclei arranged peripherally.

Leukpcytes are almost a constant in vaginal smears 

and are more apt to be numerous and clumped in positive smears 

than in negative ones. Most leukocytes seen are the polymorpho

nuclear type and are seen more diffusely scattered throughout 

the slide in infection and more commonly clumped in malignant 

smears. Lymphocytes are encountered infrequently. Red blood 

cells are often encountered in malignant smears but may be common 

on any smear if the method of collecting has been too vigorous 

or taken by the scraping method. Benign lesions may also produce 

blood on a smear.

The malignant cells encountered in vaginal smears are 

of two types —  the differentiated and undifferentiated. The un

differentiated type of malignant cell is the most commonly 

encountered in vaginal smears and is a constant finding in
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carcinoma of the body of the uterus. Therefore, we shall consider 

the undifferentiated malignant cell first. They are usually 

smaller than the inner layer basal cells and have a hyperchromatic 

nucleus which shows an apparent increase in chromatin material.

The cytoplasm is found as either a very narrow rim around the 

nucleus or may form an indistinct background for the nucleus.

These cells are commonly seen in groups and because of this 

feature are more easily distinguished or recognized from the 

nuclear size variation within the group, which is great. If 

the undifferentiated malignant cell is seen alone, it is much 

more difficult to differentiate. The distinguishing feature of 

this type of cell is the large hyperchromatic nucleus which 

varies greatly in size with a marked reduction of the nuclear 

cytoplasmic ratio and the indistinct cytoplasmic outline in 

the cell. Cytolysis of normal cells may be caused by marked 

infection and results in free nucleus of normal cells, but there 

are usually many bacteria on the slide and the nucleus is not 

hyperchromatic. The processes of cytolysis present little 

difficulty in differentiation once the cytologist becomes ac

customed to it. The small histiocyte often gives difficulty in 

differentiation from the undifferentiated malignant cell but the 

foamy cytoplasm and the kidney-bean shape of the nucleus plus 

its uniformity in size, will establish the differentiation.

The endocervical and endometrial cell also give con

siderable difficulty in differentiation to the cytologist and if
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smears are examined from cervical scrapings or intrauterine 

aspirations, they will be numerous. These latter cells do not 

show the hyperchromatic character of the malignant cell nucleus 

and do not vary in size as do the nuclei of malignant cells.

It is true that they often have an indistinct cytoplasmic outline 

but if examined closely under high-power, the cytoplasmic outline 

always can be made out on some of the cells seen in the individual 

group or on other cells in the slide.

The differentiated malignant cell is not difficult to 

distinguish when encountered in the smear and, therefore, its 

classification as such. There are three types of differentiated 

cells —  the 'tadpole'i the fiber cell, and the third type of dif

ferentiated cell. The third type of differentiated cell of Graham 

has been replaced here by the basal type malignant cell of Ayre 

(13). The differentiated cells may take on unusual sizes and 

shapes so as to be almost frightening at times when one encounters 

them in the smear. The "tadpole” cell shows a long, thin tail of 

cytoplasm and a distinct head containing a large hyperehromatic 

nucleus and is rarely encountered. There is not the marked re

duction in the nuclear cytoplasmic ration in this cell as has 

been described for the undifferentiated cell and the cytoplasm 

is usually relatively abundant. The fiber cell is extremely 

elongated and thin and, as its name implies, it closely resembles 

an enlargement of the muscle fiber cell. The nucleus is still
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veiy hyperchromatic but is elongated and, although centrally 

located, tends to fill the cell. The nucleus is definitely 

abnormal and remains a distinguishing feature. This cell can 

be confused with the rolled c o m i f i e d  cell which has been 

previously described. The basal type of malignant cell, so 

named because of its close resemblance to a basal cell, is the 

most difficult to differentiate. This is a large, round cell 

with a large hyperchromatic nucleus which has a lustrous and 

often wrinkled appearance. There is a thin, distinct rim of 

cytoplasm about this cell but the nuclear cytoplasmic ratio is 

here at its lowest point. The cell must often be examined under 

high-power to be able to differentiate or distinguish this 

cytoplasm rim. The nucleus practically fills the cell. It 

must be remembered in this differentiated malignant cell that 

the cell border or outline is intact.

The undifferentiated malignant cells seen in carcinoma 

of the body of the uterus usually occur in tight groups in which 

the individual nuclei are piled upon one another. Definite 

cellular borders are difficult to distinguish and their cyto

plasm is a thin rim which may contain vacuoles which are usually 

small. When seen in groups, the projections of one of these 

vacuoles from the side of the group may be the first suspicious 

indication of the presence of a malignant cell or group of malignant 

cells. Here the variation of nuclear size is definitely discernible 

and diagnostic.



DESCRIPTION OF RADIATION EFFECT UPON THE NORMAL CELLS IN THE

VAGINAL SMEARS DURING TREATMENT

These changes are described according to the day they 

occur after the application of radiation therapy. The first 

effect of radiation is seen in the normal cells in the vaginal 

smears. The cells from the basal layer of the vaginal mucosa 

and cervix are affected before any of the other cells show 

changes. The inner and outer layer basal cells first become 

distorted by losing their round appearance and becoming elongated. 

At times, they may appear similar to the malignant cell and 

obviate differentiation. The nucleus still retains its normal 

vessicular appearance while the malignant cell contains an ab

normal hyperchromatic nucleus with distinct clumps of chromatin. 

These changes are occasionally seen as early as the second day 

of therapy but is usually not marked until the ninth or tenth 

day. Early there is also noted a change in the staining reaction 

of these cells. Many of these basal cells change from a baso

philic stain to a brownish stain and may be an early sign of 

degeneration of the cells. These changes in staining character

istics are not constant but observed often enough to be significant.

The subsequent changes are primarily in the nucleus of 

the basal cells. The nuclei become very degenerate. The nucleus 

may appear as one small pyknotic dot, and often the material is 

collected into discrete black clumps, an actual karyorrhexis of

-16-
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the nucleus exists. This type of degeneration occasionally will 

be mistaken for mitosis if care is not taken. A  cell in mitosis 

shows chromatin in fine threads or very small clumps rather than 

three or four structureless dots. These degenerative changes 

usually take place from the tenth day of treatment and increase 

throughout the course of treatment. It should be noted that this 

reaction in the nuclei of the basal cells is not characteristic 

of radiation alone. The same degeneration is often seen in advanced 

atrophy of the genital tract.

The most striking effect of radiation on the cells of 

the basal layer is usually seen around the twelfth day. There is 

a great increase in the size of the cells, becoming three to four 

times their normal size. The change is similar to the ballooning 

of cells which has been described in hisbiological sections 

following radiation treatment. It is important to realize that 

these nblowR-uptt cells show no change in the cytoplasmic-nuclear 

ratio? that remains constant as they increase in the same pro

portion. The nucleus in one of these large cells is even more 

finely granular than in the normal and it has a very smooth, 

speckled appearance in most instances. One should be careful 

that cells of this kind are not recognized as normal precornified 

cells. The total size of the cell is often that of precornified 

cells. Two criteria point to their origin in the basal layer? 

first, the cytoplasm does not have the true transparency of pre- 

c o m i f i e d  cells? second, the nucleus is much too big for a normal
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p r e c o m i f l e d  cell. We have never seen this tremendous ballooning 

of cells except in smears from a radiated patient.

Another specific change in the basal cells is abnormal 

vacuolization of the cytoplasm. This usually occurs in cells 

which have increased in size and is a late effect. It is usually 

not marked until the fifteenth day and increases progressively 

after that. The cells contain tremendous vacuoles which almost 

completely fill the cell. Some of the cells may have smaller 

vacuoles containing polymorphonuclear leukocytes. This sequence 

is not as commonly seen in the basal cells, however, as in the 

precornified cells.

The appearance of very bizarre forms is the last change 

to occur in the cells of the basal layer. They may be almost any 

shape and are usually of the "blown-up" type so that the shape is 

even more striking. This change is much more pronounced than in 

the aberrant forms mentioned earlier. The cells may assume dumb

bell shape, elongated forms, and tadpole forms. The nucleus is 

the distinguishing characteristic from the differentiated malignant 

cell. The nucleus is either large, smoothly granular and not 

hyperchromatic or is very small and pyknotic.

It is important to point out that the changes in the 

basal cells here noted are seen only when the control smear before 

treatment presents basal cells as part of the cell population.

If pre-menopausal, few basal cells are found and the radiation 

changes first seen are in the precornified cells to be described.
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The p r e c o m i f i e d  cells also exhibit changes after radiation 

The first reaction to occur in this layer of cells is an increase 

in size. They become two to three times the size of a normal 

p r e c o m i f i e d  cell. The cytoplasm and the nucleus increase corres

pondingly so that the cytoplasmic-nuclear ratio is undistrubed.

This effect has been seen as early as the third day of radiation 

and as late as the forty-fifth day. However, on the average it 

is apparent about the fifteenth day of treatment.

At about the same time as this increase in size takes 

place, there are beginning changes in the nuclei of the pre- 

cornified cells. At first the only change is one of size, but 

very soon the chromatin structure of the nucleus begins to show- 

degenerative changes. Their nuclei become dark, wrinkled with 

little structural detail. The nucleus has a dead pyknotic look 

despite its abnormal size. The nuclear borders are not smooth 

but very irregular and often the nucleus has contracted sufficiently 

to leave a space previously occupied by the full sized nucleus. 

Occasionally, although it is not seen as often as in the basal 

series, the nuclei will become fragmented and will appear only as 

small dark particles, the nuclear borders having completely dis

appeared. <Two, three, and four nuclei are not uncommon in these 

p r e c o m i f i e d  irradiated cells. These multinucleated cells may 

have the blown-up vesicular type of nucleus or a degenerate one.

The presence of more than one nucleus is probably evidence of an 

amitotic division stimulated by radiation.
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At the same time that the nuclei begin to exhibit signs 

of degeneration, the cytoplasm also shows evidence of degeneration. 

The first degenerative sign in the cytoplasm is the appearance 

of very fine fibers which may occur in concentric circles around 

the nucleus or may run from the nucleus to the cell border. The 

most striking effect is the vacuolization. The vacuoles may be 

very large, occupying the greater part of the cell.

An effect which occurs immediately after the increase 

in size of the cells and the change in the nuclei is the ap

pearance of precornified cells of queer shape. These bizarre 

cells are seen occasionally as early as the sixth day of treat

ment but usually do not appear until later, around the eighteenth 

day. The cells are even more striking than the bizarre basal 

cells due to their size. They also may assume any shape. Some 

become tremendously elongated, in some instances stretching across 

a high dry field. Others may assume tremendous tadpole shapes.

Some have long fibers stretching out from the cell almost resembling 

pseudopodia.

The last change to occur in the precornified layer is 

the appearance of polymorphonuclear leukocytes in the cells.

This takes place usually around the twentieth day of treatment.

It has been seen as early as the tenth and as late as the 

thirty-first day. It is important when looking for this change 

to be sure that the polymorphonuclear leukocytes are in the cells 

and not merely on top of the cells. Hie leukocytes are often
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very numerous in post-radiation smears, and often clump on a 

cell almost obscuring the cell. This takes place early in the 

course of treatment. However, the actual inclusion of leukocytes 

within epithelial cells is a later change.

The c o m i f i e d  cells exhibit all the evidence of post

radiation reaction which are seen in the p r e c o m i f i e d  cell 

except for the changes in the nuclei. Since the nuclei of 

c o m i f i e d  cells are originally pyknotic, very little change 

takes place there. The other changes noted apply to the c o m i f i e d  

cells as well as to the precornified cells. It should be noted 

that in radiation smears the p r e c o m i f i e d  cells do not always 

have a basophilic staining cytoplasm. They very often take an 

acidophilic stain. As in normal cells, the nucleus is the dis

tinguishing characteristic.

A  great increase in polymorphonuclear leukocytes is 

seen very often in the immediate post-radiation smears. In some 

cases they increase so much that interpretation of the smear is 

quite difficult since the leukocytes obscure much of the picture. 

The increase in leukocytes is variable in the time it appears.

It may occur immediately after treatment is instituted or it 

may not occur until much later.

An increase in small histiocytes usually follows the 

increase in leukocytes. The time factor is variable but they 

qppear usually three to five days after the increase of leukocytes.
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The response of the phagocytic and foreign body giant cells is 

variable.

Evidence of some blood is usually seen in positive 

smears before radiation. It is a variable factor after treat

ment is instituted. In some cases the bleeding will stop and 

the smear be free of any blood. Others show fresh blood, fibrin 

or blood pigment.

RADIATION EFFECT IN MALIGNANT CELLS

The malignant cells show pronounced radiation effect 

as well as do the normal cells of the vaginal and cervical 

mucosa. The time of the appearance of definite radiation re

action in these cells varies from patient to patient. The 

malignant cells all show radiation changes usually by the 

eleventh day of treatment but occasionally the cells will appear 

radiated as early as the eighth dayj other cases may not show 

the complete effect until as late as the seventeenth day of 

radiation.

Radiated malignant cells show a good many changes 

similar to those seen in the normal cells. They increase in 

size, occasionally as much as four times. Their cytoplasm becomes 

vacuolated. This vacuolization is especially striking in the 

small undifferentiated tumor cells which have little cytoplasm.

The thin rim of cytoplasm becomes puffed out eccentrically with 

vacuoles which, in some instances, are larger than the nucleus.
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The radiated malignant cells often contain more than one nucleus, 

and in many cases may appear as giant cells with six to seven 

nuclei, probably again evidence of abnormal division stimulated 

by radiation. The appearance of the nucleus is not that of the 

heavy granular unradiated malignant cells, but rather is one of 

complete pyknosis. The nuclei appear dead rather than active. 

Usually no nucleolus can be made out.

It is often very difficult to say whether a radiated 

cell was originally malignant or benign. This is especially true 

of the differentiated malignant cells seen in cervical epidermoid 

carcinoma. The bizarre cells of both the basal and intermediate 

layer still have more cytoplasm surrounding the nucleus than do 

the true differentiated malignant cells. The nuclei of the 

bizarre basal and precornified group are much more apt to have a 

washed out, smooth appearance than a hyperchromatic, pyknotic 

one.

Nearly half of the cases irradiated show an increase 

of malignant cells after radiation had begun. The time of the 

increase varies from three to twenty-one days and averages nine. 

The remainder of the cases show a progressive decrease in malig

nant cells until their final disappearance. On the average, the 

malignant cells will disappear by the twenty-fourth day after 

radiation has begun*



THE EFFECT OF RADIATION ON CELLS AS SEEN IN THE VAGINAL SMEAR

IMMEDIATELY AFTER TREATMENT TO SIX MONTHS

The striking effect of radiation on the cells of the 

vaginal secretion is not a lasting one. The number of cells 

showing increase in size, vacuolization, bizarre shape, and 

invasion of the cytoplasm by leukocytes rapidly diminishes.

Two months after treatment an occasional cell showing these 

changes is seen. By three months, such cells are even more 

difficult to find and in many instances the specific effects of 

radiation have disappeared by this time. The cornified and pre- 

c o m i f i e d  cells are either completely normal or occur in groups 

without clear nuclear borders. As might be expected, the non

specific changes seen in the basal series persist for a much 

longer period. No definite time limit has been found for this 

effect to disappear. The basal cells have large, active, 

vesicular nuclei and often a vacuolated cytoplasm. They may 

have a normal round contour or be aberrant, assuming an elongated 

form. Leukocytes and histiocytes may or may not be present, but 

usually the smear has a much cleaner appearance than seen earlier.

THE RADIATION EFFECT OF CELLS AS SEEN IN THE VAGINAL SMEAR SIX 

MONTHS TO A  YEAR AFTER TREATMENT 

The vaginal smear consists of perfectly normal or de

generate (cellular borders not distinct) cornified and p r e c o m i f i e d



cells, and aberrant basal cells with active vesicular nuclei.

Small histiocytes and leukocytes are present but in variable 

numbers. Four patients showed foreign body gaint cell reaction.

All the specific effects of radiation have disappeared by this time.

THE EFFECT OF RADIATION ON CELLS AS SEEN IN THE VAGINAL SMEAR FROM 

ONE TO FIFTEEN YEARS AFTER TREATMENT

This group of cases falls into three separate categories 

if divided by the type of cell found in the smear. They may show 

only basal cells, or p r e c o m i f i e d  cells and basal cells, or 

comified, precornified, and an occasional basal cell. Some of 

these changes are due to effect of radiation on the ovarian 

function and some on actual fibrosing effect in the epithelial 

layers of the genital tract.

The smears which show basal cells alone have three 

variations. They may consist entirely of enlarged degenerate 

cells sometimes seen in normal atrophic smears of menopausal 

women. These are basal cells whose nuclei are degenerate and 

large. The staining reaction of the nuclei is not even and often 

has a blotchy, washed out appearance. Die cytoplasm also stains 

irregularly. This is not diagnostic of radiation but is seen as 

well in the atrophic smears from normal post-menopausal women. 

Another type of smear seen is one in which all the cells are abeiv- 

rant and have large, vesicular nuclei. The cells have elongated 

forms, occasionally with rather long tails. It is often difficult

-25-
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to distinguish these types from malignant cells. The nuclei of 

these cells, though active, are rarely as hyperchromatic as 

malignant nuclei. The third type is a smear in which sheets of 

basal cells are seen. The cells do not shed singly but come off 

in great clumps. These may be very confusing, since, at first 

glance, especially when cell borders are indistinct, they are not 

unlike cancer cells except for their regularity in size. These 

cell groups usually occur when the smear has been difficult to 

obtain. If an attempt is made to secure a vaginal smear when 

mucous membrane is very dry and atrophic, the pipette is apt to 

aspirate cells from the mucosa directly and not those cells which 

have been shed previously. This smear is not representative of 

the vaginal secretion. If secretion cannot be obtained with ease, 

it is perhaps better not to attempt to get a smear.

Of this group, approximately one-third show only pre- 

c o m i f i e d  cells and basal cells in the vaginal smear. The cells 

may appear perfectly normal or they may be degenerate with in

distinct cellular borders. Cornified cells may also be present. 

However, it is very rare to see a normal smear of p r e c o m i f i e d  

and cornified cells this long after radiation.

Leukocytes are seen in this group of post-radiation 

smears but their numbers are variable. Small histiocytes occur 

frequently. No evidence of foreign body giant cell reaction was 

seen. Fresh blood is encountered occasionally and is probably due 

to the breaking of small adhesions in the vagina. Blood pigment
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is a much more infrequent finding. In recurrence after radiation 

when malignant cells are seen, they are as described for unradiated 

undifferentiated cells. They show no evidence of having originated 

from a tumor previously radiated.

INTREPRETAHON OF RADIATION EFFECT AS TO RADIATION REACTION

With the knowledge of normal cytology and the effect of 

radiation on the cell, we are able to plot findings to produce 

a graph resulting in what is known as radiation reaction according 

to the method of Graham. The graphs so plotted will determine 

either a good radiation reaction or a poor radiation reaction.

The cases showing a good radiation reaction are considered to 

indicate a good prognosis while those showing a poor radiation 

reaction are considered to indicate a poor prognosis. We shall 

attempt to correlate the prognostic significance of the çytological 

findings against the prognostic criterion used in general office 

procedure, e. g., the grade and stage of the tumor, the general 

condition of the patient, the visable effect of radiation from a 

clinical standpoint in each individual case known as, or referred 

to as, local radiation reaction. I shall attempt to evaluate the 

practicability of the application of cytology to these cases as 

observed according to this method from a prognostic standpoint 

and shall also report the practicability of its use in detecting 

early recurrency in these cases followed*

In this study, the Papanicolaou stain was used throughout.
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One of the pre-requisites that was strictly adhered to was the 

obtaining of a slide before the administration of any therapy 

so as to have a base-line from which to judge the radiation effect 

within the existing cells in each individual case. Then, slides 

were studied on the third and the fourth day of treatment and at 

weekly intervals throughout therapy. The radiation effect was 

noted in the normal cells and plotted on the graph each time. The 

effect was noted in the malignant cells and also plotted on the 

graph. In the normal cells, the basal cells first increased in 

size then showed signs of degeneration and toward the end of the 

treatment showed marked degenerative changes, such as vacuoliza

tion of the cytoplasm and marked pyknosis or karyorrhexis of the 

nuclei. The precornified cells show the same changes though 

these occur later than those seen in the basal cells. The de

generation of the nucleus is not as prominent in the precornified 

cells as in the basal. The nuclei of the precornified cells often 

have a smooth, washed out appearance. The c o m i f i e d  cells in

crease tremendously in size and there is much cytoplasmic 

degeneration, but since the nuclei of these cells are originally 

pyknotic, there is no change there. The smears usually show a 

progressive leukocytosis and an increase in small histiocytes. 

Occasionally, phagocytic histiocytes appear and in a few cases 

foreign body giant cells are seen. In the malignant cells, one 

often sees an increase in their number in the first days of treat

ment and then they gradually disappear. These cells usually
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persist until the tenth or eleventh day of treatment. It is not 

so important as to when these cells disappear but it is important 

that they do disappear with a gradual decrease being the most 

common mode of disappearance. Early, there are pronounced radiation 

changes in the malignant cells before they disappear. They are 

often multinucleated giant cells, probably evidence of amitotic 

division. They also show the same degenerative changes as are 

seen in the normal cells - increase in size, vacuolization, and 

finally a washed out, smooth appearance to the nucleus, pyknosis 

or a complete breaking down of nuclear material.

When there is a gradual disappearance of the malignant 

cell and a gradual increase or rather marked increase in the 

radiation effect in the normal cell, it will be noted that the 

lines on a plotted graph will cross and this is considered a good 

radiation reaction. (Fig. I)

When there is no appreciable change in the malignant 

cell and it remains persistently throughout therapy on the slides 

with no radiation effect in the normal cell, it will be noted 

that the lines on a plotted graph will remain parallel and this 

is considered a poor radiation reaction. (Fig, II)

RESULTS OF OUR STUDY

First, we shall consider the forty-four cases of 

carcinoma of the cervix that were studied for radiation reaction 

and are shown in Table I and Table II.



FIGURE I

100

Fig. I. A  good radiation reaction showing a complete 
disappearance of malignant cells by the 18th day and a 
maximum radiation effect in the normal cells by the 23rd 
day. It should be noted that the percentage of malignant 
cells is based on a scale in which 100 per cent equals 
the maximum incidence of these cells encountered in any 
of the smears on this case, while the radiation effect 
is based on 100 per cent equaling a response in all 
normal epithelial cells. Here the lines cross.
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FIGURE II

100

Fig. II. A poor radiation reaction. There is very 
little diminution in the number of malignant cells 
seen and the normal epithelial cells show only a 
slight response to radiation. Parallel lines.
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TABLE I

GOOD RADIATION REACTION GASES

CARCINOMA OF THE CERVIX

Case Clin. Follow
No. No. Age Stage 1Grade Treatment Prog. Up

1 532 51l II I 2ti50 mgm Hr— 5ti80 r Good Well
2 66 Ii5 I In situ titi32 mgra hr—16 8 0 r Good Well - Surg

3 29 ii6 I III ii200 mgm hr— 6 110 r Good Well
ii ó 63 IV III 7690 r Poor Dead
* 17 ó 5o IV II ti380 mgra hr-2880 r Poor Dead
6 5l 57 II III 3600 mgm hr-ti600 r Good Well

7 2ti la I II 2600 mgra hr-5 ti00 r Good Well
ti 233 56 II III 2650 mgm hr-l|6ti0 r Good Well

9 ili ii7 II III 3 2 3 6 mgm hr-8 9 8 0 r Good Well •
IO 1 tio IV Ree . - 1|600 mgm hr -8 6 9 0 r Poor Dead
1 1 ill til II I ti320 mgra hr-5760 r Good Well

12 ™2^ r 36 II IV ii200 mgm hr-62l|0 r Good Well

13 116 tio III III ti930 mgm hr-35lO r Good Well

lit 329 39 III IV 3260 mgra hr -3 6 8 0 r Poor Recurrent

15¡ 319 55 II II

0=0-=tLA1.tiOOAJ(A r Good Well
lé 7lé 61 II III 3600 mgm hr-6200 r Good W e n

17 T 9 1 ~ 52 III II 3650 mgm hr-6000 r Good Well
Iti 31 60 II III I1O92 mgra hr-ti000 r Good Well

19 HTT" 3Ö III II 3ti50 mgm hr-3620 r Good Well
20 225 ti6 II III

sokI003

r Good W e n
21 1 1 70 II IV 3ti80 mgra hr-6ti50 r Good W e n
22 n é ii7 II III 2880 mgm hr-61i50 r Good Well
23 2 36 I III titiOO mgm hr-6200 r Good W e n
2li lili 32 II III 1|200 mgra hr-6 0 0 0 r Good Well

25 2ii2 ti6 I III ti600 mgm hr-6000 r Good Well
2Ó 669 67 II III 3 3 3 6 mgm hr -6 0 0 0 r Good Well

27 16 6ti II III 3560 mgra hr-ti960 r Good Well
2Ô T 9 l ï ~ 39 II III 30 6O mgm hr-li5 3 6 r Good W e n

29 I 8ii 52 II I ti260 mgm hr-6602 r Good Well
30 19 til IV II titi20 mgm hr-6ti00 r Poor Dead ,

31 175 6ti II II ti56 0 mgm hr-7280 r Good Well
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TABLE II

POOR RADIATION CASES OF CARCINOMA OF THE CERVIX

No.
Case
No. Age Stage Grade Treatment

Clin.
Path.

Follow
Up

1 Uo la III II 7690 r Poor Rec.
2 3 L6 I III 3320 mgm hr-6200 r Good Well
3 10 $2 IV I 36i>0 mgm hr-5L00 r Poor Dead
h 21 $7 III I 2600 mgm hr-S>280 r Poor Dead

Ì ïlh 36 I I Ii8h0 mgm hr Good Well
6 22 L6 IV II 2lt62 mgm hr-7590 r Poor Dead
7 63 $0 II III 2200 r Poor Well-Surg.
J T 1$ ¿It III II L260 mgm hr-5620 r Good Well
9 39 $7 IV II 1|2L0 mgm hr-L280 r Poor Dead
10 $12 LL III III L250 r Poor Dead
ll 23, ¿1 III II 3270 mgm hr-6960 r Poor bead
12 w i r ¿2 III I 26L0 mgm hr-5600 r Poor Dead
13 “W ¿8 IV No biopsy 69LO r Poor Still Pos.
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Of the forty-four cases studied, thirty-one showed good 

radiation reaction and thirteen showed poor radiation reaction»

In the consideration as to stage of disease, there were 

seven Stage I (one in situ included), nineteen Stage II, ten 

Stage III (one cervical stump included), and eight Stage IV (of 

which two were recurrent cases re-treated). In the Stage I cases, 

there were five which showed good reaction (with five well and 

none dead), and two that showed poor reaction (two well and none 

dead)» In the Stage II, there were eighteen that showed good 

reactions (eighteen well and none dead), and one that showed 

poor reaction (received emergency surgery for hemorrhage, is well 

two years later). In the Stage III, there were four that showed 

good reaction (three are well and one dead), and six that showed 

poor reaction (one well and five dead). In the Stage IV cases, 

there were four that showed good reaction (none well and four 

dead), and four that showed poor reaction (none well and four 

dead). (Table III). The League of Nations classification was 

used in our series of cases. In Stage I, the growth is limited 

entirely to the cervix. The uterus is freely moveable and no 

pericervical infiltration can be detected. In Stage II, the 

parametrium is involved. The infiltration can be palpated under 

the vaginal wall or beside the cervix. The palpable infiltration 

may extend outward nearly to the pelvic wall, but the uterus still

remains mobile
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Stage III shows the parametrium to be involved to the 

pelvic wall on one or both sides with partial or complete fixation 

of the uterus. In Stage IV, the cancer has invaded adjacent viscera 

or extensively involved the vagina or produced distant raetastases.

These figures would indicate that the radiation reaction 

in these cases has little in common with the stage of the disease 

or extent of involvement, neither does the cytological prognosis.

A  lesion that shows practically no extension may show either a 

good or a poor reaction, but in our series more than 50% showed 

a good reaction. Where the involvement was at its greatest, 

there was exactly a 50$ good and 50% poor radiation reaction.

In Stages I and II# the percentage of good reactions appear to 

be a little higher than in Stages III and IV in this series.

This may be accounted for in that the age incidence in the first 

two stages was a little younger than in the last two stages. It 

was also noted that the general condition of the patient in the 

last two stages was not as good as that of those in the first two 

stages. A great number of secondary anemias, etc., were noted in 

the last two stages. It is a well known fact in radiation therapy 

that these factors do affect the clinical response to radiation 

and we feel that it also may play a factor in radiation reaction.

The ultimate prognosis is often influenced by the stage of disease 

but the cytological response does not seem to be correlated with

the stage of disease
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In this series, there were thirty-one patients who showed 

good radiation response but of these thirty-one patients, five were 

given a poor prognosis from the clinical observation and clinical 

response to radiation. Four of these cases were Stage IV and, 

although their local lesion appeared to respond somewhat, the 

extent of involvement was too great and the eventual course, of 

death in a short period of time, could not be avoided. The other 

case was one with recurrence and was in poor general condition.

Even though she had a Stage III lesion and a good radiation re

action occurred, the lesion continued. The remaining twenty-six . 

cases that showed a good radiation reaction and did well up to 

the present time, also showed a good clinical evaluation and a 

good local radiation reaction. Consequently, they were given a 

good prognosis from a clinical standpoint.

With these facts just stated in mind, one must conclude 

that the radiation reaction, good or poor, has no relation to the 

stage of the disease. The stage necessarily must influence the 

ultimate prognosis in any case treated. It would, therefore, seem 

advisable from a scientific standpoint to consider prognosis from 

a cytological standpoint as only a part of the necessary informa

tion to determine ultimate prognosis.

In considering the grade of malignancy, there were seven 

Grade I cases and three had good reactions (three alive, none 

dead), and four with poor reaction (one alive and three dead).
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There were twelve Grade II, seven with good reaction (five well, 

two dead), and five with poor reaction (one well, four dead).

There were nineteen Grade III, sixteen with good reaction 

(fifteen well, one dead), and three with poor reaction (two well, 

one dead). There were three Grade IV, three with good reaction 

(two well and one dead) and none with poor reaction. There was 

a tendency to show good radiation reaction in the tumors of 

higher grade than in the lower grade tumors. Grades I and II in 

our cases show about $0 %  of the cases with good reaction and 

about $0 %  with poor reaction while Grade III and IV showed a 

much higher tendency to a good response. (Table IV)

Again I feel that in our cases there is the tendency 

which fits in with the known fact that some tumors are more radio

sensitive than others but this criterion is usually applied to 

different types of tumors rather than the same tumor in different 

grades (15). We must, however, conclude that there is a tendency 

for high grade tumors to respond better to radiation, but it is 

a rule with a great many exceptions and probably the response 

should be considered more as an individual patient response to 

radiation rather than a response to grade of tumor. In passing, 

it is well to keep in mind the grade of tumor in evaluating these 

cases from a prognostic standpoint, but one surely should not use 

it to "hang one's hat ori*in this situation. It should not detour 

one from using radiation on the Grade I or II cases or make one 

feel that whenever he is dealing with a Grade III or IV radiation



TABLE III

RADIATION REACTION AS TO STAGE OF DISEASE

No.
Cases Stage

Good
React.

Poor t 
React.i

Good
Well

Reaction 
Dead »

Poor
Well

Reaction
Dead

7 I 5 2 5 0 2 0
19 II 18 1 18 0 1 0
10 III £ ~ z ~ 3 1 1 nr
W ~ IV h nr 0 T~ 0 nr

TABLE IV '

RADIATION REACTION AS TO GRADE OF TUMOR

No.
Cases Grade

Good
React.

Poor
React.

Good Reaction 
Well Dead

Poor Reaction 
Well Dead

7 I 3 u 3 0 1 3
12 II 7 5 _5______ 2 1 b
19 III 1 6 3 15 . _ 1 2 1
3 IV 3 0 2 1 0 0

One in situ not graded; one 
one had no biopsy

recurrent case not graded and

-38-
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therapy should be the one and only choice.

In the over-all picture, we find twenty-six patients 

with good radiation reaction aline and well, while five patients 

with good reaction are dead or suffer from advancement of the 

disease. However, as stated before, of these five, four were in 

Stage IV classification of the disease, and probably if they had 

been seen early, say in Stage I or II of the disease, the out

come may have been different. One was in Stage III but did not 

seem to respond clinically even though she showed a good radiation 

reaction. The disease in this one Case, probably in the light of 

our knowledge, will have to be ascribed to a poor individual 

response to Radiation. The twenty-six patients that showed 

good radiation reaction and are alive and well all showed 

good clinical response, evaluation and prognosis. All cases 

that showed poor radiation reaction were given a poor clinical 

evaluation and prognosis. One of these cases, #63, in the table 

that showed a poor radiation response, is of special interest and 

comparison as she also showed a poor clinical response and 

evaluation. Two years after therapy, which was an emergency 

hysterectomy because of bleeding, she is alive and free of any 

evidence of disease. This woman entered the hospital because 

of an exsanguinating hemorrhage and after control of bleeding 

by vaginal pack and blood transfusion, was found to have a large, 

fungating, Stage II, Grade III squamous cell carcinoma of the



cervix which bled profusely on the slightest provocation. Because 

of the bleeding, it was decided to treat her with external radia

tion first. She was given eleven AP and PA treatments but the 

mass did not decrease appreciably in size and she showed little 

radiation effect cytologically at any time. One evening, after 

her eighteenth hospital day, she suffered uncontrollable vaginal 

bleeding and an emergency hysterectomy was carried out. She had 

an uneventful recovery and no further therapy. She has been 

followed for two years and shows no evidence of disease. This 

case presents the question of using cytology as a method of 

differentiating between cases that probably could better be 

treated witl} surgery or better carried through with radiation.

This premise was not in mind when the object of this study was 

propigated and, therefore, in our series this one case was an 

incidental finding. However, it is felt that this point is 

worthy of consideration in future study. At the same time,

Case #51 in our series, came under our consideration with 

practically an identical picture as to symptoms, grade, stage 

of disease, and clinical picture. She showed good response 

and was handled entirely by radiation and at the end of a two- 

year period is also free of any evidence of disease.

In considering the seven cases of carcinoma of the 

body of the uterus studied in this series, slides were not 

obtained on the days they should have been. Evaluation was
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more difficult and not as accurate. Enough slides were not 

obtained for adequate study. These cases were not under the 

control of the radio-therapist as well as the cases of the cervix 

and, I feel, they can only be presented here to show that the 

reaction is apparent and probably could be applied to some ad

vantage. The slides are more difficult to study because of the 

character of the malignant cells and we placed more significance 

on the radiation effect seen in the normal cell.

Of the seven cases, five showed a good radiation re

action and two showed a poor radiation reaction. Of the two 

that showed poor radiation reaction, one showed a good clinical 

response, had surgery, and is free of the disease so far. The 

other one showed a poor clinical response and died in five months.

Of the five that showed good reaction, four did poorly from a 

clinical aspect and one was not followed-up after having received 

surgery. Of the four remaining in this group, three have definite 

evidence of recurrence from a clinical standpoint and cytologically, 

while one has died after a ten-month period. The cages of carcinoma 

of the body of the uterus were not classified as to stage of 

disease. (Table V)

In the four cases of carcinoma of the ovary, the same 

can be said as to the inadequacy of the material studied in these 

cases as in those of carcinoma of the body of the uterus. The 

evaluation of good radiation reaction was based upon the effect



TABLE V

RADIATION REACTION CASES OF BODY OF UTERUS

Case
No. Age Grade

Good
React.

Poor
React. Treatment

Clin.
Eval.

Follow

Up

332 U8 III X 6760 r Poor Dead
2 ¿7 62 — X 6¿t50 r Poor Recur.
237 ¿7 Ill X J4.2J4.O mgm hr-U6L0 r Poor Recur.
W 72 III X 3U5o r — None-Surg

l85 38 II X 3600 mgm hr Poor Dead
W T ¿3 I X 3260 ragm hr-U850 r Poor Recur.
2ÏB™ ? IV X lt026 mgm hr-l6?0 r Good Surg.Well

TABLE VI

RADIATION REACTION CASES OF CARCINOMA OF OVARY

Case
No. Age Grade

Good Poor 
React. React. Treatment

Clin.
Eval.

Follow
Up

538 U7 III X 62UO r Poor Dead
523 U8 IV X Ö200 r Good Well
592 3Ö IV X 0250 r Poor Dead
b-3 7li II X 7I1.ÔO r Poor Dead

-U2-
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seen in normal cells of the vaginal smears only, as no malignant 

cells were encountered. Three of the cases showed a good radia

tion reaction. One of these showed a good clinical response as 

to improvement of her general condition and is still well after 

two years. The other two did poorly clinically and were both 

dead after a few months. The one case with a poor radiation effect 

showed a poor clinical response and died four months after the 

onset of therapy. (Table VI)

There were twenty-eight cases studied from the cytologic 

standpoint for recurrency. All cases so examined were treated by- 

irradiation. Twenty-three of these cases were carcinoma of the 

body of the uterus. The patients ranged in age from thirty to 

eighty with an average in the middle forties. In the cases with 

carcinoma of the cervix, there were eight cases with positive 

cytology and of these eight, five had clinical evidence of disease, 

three did not. After positive cytology was obtained, all cases 

were proved by biopsy. In cases of carcinoma of the body of the 

uterus, there were four with positive cytology and of these two 

had clinical evidence of recurrence and two were symptom-free, 

showing no evidence of disease but were proved by dilation and 

curettage after cytology. The one remaining case had no clinical 

evidence of disease and negative cytology. There were no cases 

with negative cytology that showed clinical evidence of the 

disease. The duration of cases following therapy ranged from 

three months to eight years. (Table VII)



TABLE VII

GASES STUDIED FOR RECURRENCl

Time Since Clinical
Case No. Age Treatment Disease Evidence Cytology

506 3? 3 mos. Cervix No Pos.

U3 2 yrs. Cervix No Neg.

33 52 3 yrs. Cervix No Pos.

~ S T ~ 46 8 yrs. Cervix No Neg.

217 iiO 1* yrs. Cervix No Neg.
" W 64 10 mos. Cervix No Neg.
70 30 2 yrs. Cervix No Neg.

179 U2 8 yrs. Cervix No Neg.

17 51* 1 yr. Cervix Yes Pos.COCOrH

5 i 11 mos. Body No Neg.

185 3ti 1L mos. Body No Pos.

~ J % 2 ~ 1*2 h  yrs. Cervix No Neg.

6 i 59 6 mos. Cervix No Neg.

301 5 i 5 yrs. Body Yes Pos.

61*3 48 2 yrs.2 mo. Cervix No Neg.

22 64 7 yrs. Cervix Yes Pos.
1 1*0 2 yrs. Cervix Yes Pos.CO33 80 3 yrs. Cervix Yes Pos.

35 58 6 yrs. Cervix No Neg.

~ W ~ 65 3 yrs. Body No Pos.

329 39 U mos. Cervix Yes Pos.

“7 8 “ ¿5 5 yrs. Cervix No Neg.

30 5o 3 y r s . ..... Cervix No Neg.

~ W ~ 5l* 3 yrs. Body Yes Pos.
~ w ~ 1*6 i* yrs. Cervix No Neg.

126 33 U yrs. Cervix No Neg.
32 5o h  yrs. Cervix Yes Pos.

27 5 1* 3 yrs. Cervix No Neg.



It was concluded that cytological examination for 

evidence of recurrence of malignancy was a very important ad

junct in the follow-up handling of this group of malignancies.

It is true that after therapy the original lesion may be healed 

over and contain considerable radiated fibrotic tissue over its 

exposed surface and not be able to exfoliate malignant cells so 

as to produce positive cytology, while the lesions may continue 

to spread through other avenues. When the lesion does exfoliate, 

it is often a means of picking up the recurrence at an early 

stage so that the small amount of radiation that the already 

previously irradiated tissue can stand may be sufficient to con

trol the disease} or the extension in the newly recurrent lesion 

may be limited enough so as to adequately institute surgical 

measures so as to irradicate the existing pathology. If we wait 

to recognize the recurrency clinically, it often has progressed 

to the extent which makes procedures other than paliative next 

to impossible.

The application of cytology has been helpful to us in 

several instances during radiation therapy in this group of 

malignancies to differentiate between an existing acute radiation 

reaction or active extending malignancy, and also later in observa

tion of these case it has given additional aid in differentiating 

a radiation necrosis from a still existing exfoliating malignancy.



I do not state that it is absolute proof but many times when it 

is found to contain malignant cells, it will help to arrive at a 

more rapid decision in the proper procedure to be followed in 

further care of the patient. I would highly advise that it be 

used here as strenuously as in early diagnosis of carcinoma of the 

uterus.

DISCUSSION

It is a proven fact that the changes seen in the cells 

studied in the biopsy work previously mentioned are very similar 

to those applied to the cytological study of the smear technique. 

In the biopsy study, the malignant cell alone was considered 

while in the vaginal smear, the effect of radiation on the normal 

cell was considered as well as that of the malignant cell. The 

results obtained would indicate that the effect on the normal 

cell of an individual was also indicative as to prognosis. This 

would make one feel that there is an individual tissue reaction 

to radiation by different patients. This response may be in

fluenced by the physical condition of the patient, the age of 

the patient, or other unexplainable factors within the individual 

patient. The dosage and type of radiation will, in a measure, 

determine the extent of radiation reaction in the patient who 

will react. It is difficult to evaluate this differentiation 

with the variations of certain factors in type of radiation.
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The reaction seen when U00 K.V. therapy, if used, is difficult to 

distinguish from that when 200 or 250 K.V. therapy is used. The 

type of reaction produced by an adequate dose of radium will vary 

from that seen when deep x-ray therapy is used but this is 

explainable in the fact that more tissue is irradiated when the 

x-ray is used and a lesser volume of tissue is irradiated when 

radium is used. The intensity of the radiation is greater in a 

smaller volume of tissue with the use of radium and this fact is 

discernible on the slides cytologically as much normal tissue is 

not radiated in the use of radium.

There is no apparent indication that the cytological 

prognostic indication is at all related to the stage of the 

disease, but in the clinical prognostic evaluation of cases of 

carcinoma of the cervix, it is of great value. The stage of the 

disease will greatly facilitate arriving at a decision as to the 

mode and extent of therapy that should be used. In extensive 

lesions, the radiation reaction may be of little value from a 

prognostic indication and the clinical evaluation of the utmost 

importance.

In considering the grade of malignancy, the radiation 

reaction does not appear to be influenced by the grade of the 

lesion but here again, probably by the individual reaction of 

the patient to radiation. It does appear, however, that the 

actual tumor size in the higher grade malignancy is more markedly 

and rapidly reduced by radiation therapy. In our series just



studied, there was a slight increase in percentage of good radia

tion reaction in the higher grade tumor but not significant enough 

to be of any particular value in prognosis.

The fact that the clinical evaluation of this series 

from a prognostic standpoint was more accurate can be easily 

explained on the basis that the extensive lesion was always given 

a poor prognosis clinically but probably showed a good radiation 

reaction and died of uremia because of involvement of the ureters* 

We feel that the prognostic indication from a cytological stand

point closely parallels the prognosis from a clinical evaluation 

and could well be used in part as an adjunct with other means of 

evaluation. , However, the expense involved in obtaining and 

studying the great number of slides necessary on each case would 

make the procedure economically impractical for the value received

(15).

It is also a well known fact that in this work the 

service of a well trained cytologist is an essential. Today, 

there are few such people and the work in itself probably could 

not support any one such individual in any locality. It probably 

is also an essential to have one trained in medicine and radiology 

to carry out these studies but to train such personnel in this 

cytological procedure is impractical as he could not afford to 

carry out the time-consuming procedure and relinquish his other 

important duties.



The most important application of cytological studies 

in following radiation cases of carcinoma of the uterus is in the 

examination of these cases periodically for evidence of early 

recurrence. If an early recurrence can be picked up before it 

becomes clinically evident, it may be possible to administer 

additional x-radiation to control the disease in its limited 

area even though previous radiation therapy procludes the ad

ministration of large doses of x-ray. This may also allow one 

to discover the lesion before it is so extensive that it would 

not be possible for a surgical approach of the lesion, but when 

it may still be completely extirpated through surgical inter

vention. ,

Another important feature is its use in differentiating 

between radiation reaction of an acute nature and existence of 

malignant tissue. Also, in the differentiation of radiation necrosis 

in the area of the cervix and existing malignancy tissue is a 

feature. In these two instances, if the slide or smear show 

malignant cells, it may be of the utmost importance and aid to 

the attending radiologist.

CONCLUSION

Studies of radiation reaction cytologically in carcinoma 

of the cervix indicate that there is an individual patient response 

to radiation rather than a tumor response alone.

The response to radiation reaction cytologically has

-U9-
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absolutely no relation to the stage of the disease.

The response to radiation reaction cytologically has 

a questionable or insignificant relation to the grade of tumor.

The prognostic value of a good radiation reaction 

closely parallels the clinical evaluation as to prognosis but 

the latter shows a little higher degree of accuracy when the 

lesion is extensive. Cytological data may be valuable as an 

adjunct in prognostic evaluation, but it is too time consuming, 

requires highly trained, unavailable personnel and is economi

cally impractical.

The most important cytological contribution in 

following radiation cases of carcinoma of the uterus is in 

periodic smear for early detection of recurrency and in 

differentiation between existing malignancy, acute radiation 

reactions and visible radiation necrosis of the cervix.
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