STUDY OF SERUM PHOSPHOHEXOSE ISOMERASE
(PHI) LEVELS IN THE MANAGEMENT OF
HEAD AND NECK MALIGNANCIES
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' MACT : The enzyme phosphohexose isomerase PHI was estimated in 43 patients of head and
neck malignancy. The serum level of this enzyme was found to be raised in all the cancer patients.

It was found that there were significantly higher levels of serum PRI in cases with metastatic lesions.
The rise in PHI values was proportionate with the clinical stage of tumor. 29 Patients, out of 43 who
had taken complete freatment were subjected to post therapeutic PHI level estimations and the
response 1o treatment was evaluated. Study showed that estimation of serum PHI levels have significant
role in diagnosis af cancer, early detection of residual growth, recurrent growth and secondaries.

A cancer begins when a cell multiplies in an uncontrolled
fashion forming a tumor mass. It is usually assumed to
start as a single cell but it will not become clinically
detectable until there are 10 tumor cells with a mass of
one gram although most tumors are fairly larger than this

before being discovered. Moreover the head and neck
region consists of a number of cavities with plenty of
hidden areas where a cancer may continue to grow
till it is too late for curative treatment (Priestman,
1977).
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The need persists for some clinically easy and simple test
which can suggest cancer quite early even before the
patients become symptomatic, if performed during routine
physical checkup.

Early detection of malignancy always have great
significance in cancer management.

A large number of biological markers for cancer are the
focus of ongoing research in the field of cancer
management as they can be used to screen, to aid in
differential diagnosis and to aid in therapy by determining
tumour burden.

In present study an attempt is made to evaluate the
usefulness of estimation of serum levels of
phosphohexoisomerase- a diagnostic tool in cases of head
and neck cancers. PHI catalysis the reversible conversion
of glucose -6- phosphate to fructose-6-phosphate. It was
first discovered in skeleton muscles in 1933 by Ohm. PHI
activity in most body tissues is high relative to that of the
plasma. Liver and muscles containing more than 1000
times the activity of an equal quantity of serum. The
erythrocytes contain about 100 times as much as serum.

According to Bodansky (1961) three major factors
influence the passage of an enzyme into the serum from
tissues

1. Altered production of the enzyme by the tissue.

2. The blocking of the pathway of normal secretion or
excretion of the enzyme by an organ.

3. Change in the permeability or integrity of the tissues so
that the enzyme leaks out of the damaged cells and passes
into the extracellular fluid and then into the serum.

Normal serum levels of intracellular enzymes are produced
due to routine destruction of cells. Malignancy may be
the cause of accelerated cell death resulting in raised serum
PHI levels.

Warburg and Christian (1943) noted that the serum of
tumor bearing rats showed increased levels of glycolytic
enzymes. Various enzymes have been studied in malignant
conditions after this observation viz. alkaline and acid
phosphateses, 5°-Nucleotidase transaminases, isocitric-
dehydrogenase, phospho-glucomutase, phosphohexose
isomerase and alilsterase but most of these studies were
made in cases of cancers of breast, liver and prostate and

relatively less work has been done on the the study of
these enzymes in head and neck cancers.

MATERIALS AND METHODS
The cases were divided into 2 groups :

Control Group - Consisted 20 cases age matched healthy
donors of both sexes.

Study group - Included 43 patients of histologically proved
patients of head and neck malignancy. Pre and post
therapeutic estimation of serum levels of PHI was done
in control group and study group by Bodansky (1954)
method. Post-therapeutic estimation of LDH was done
according to the type of therapy. The patients treated by
surgery estimations were done after two weeks of
surgery estimations were done after two weeks of surgery
while the patients treated by radiotherapy, serum enzyme
estimations were made one month after completion of
radiotherapy. Repeated serum enzyme estimations were
done in regular followup patients.

Control Group - The levels of serum PHI for the control
group ranged from 17.5 to 33.8 with mean of 22.40 +
5.20 unit/ml. The enzyme showed no difference in these
activity in relation to age and sex.

OBSERVATIONS

The value of PHI levels for the patients of cancer was
significantly higher as compared to control group (Table -
I). There was 3 to 4 times increased in the mean serum
PHI activity in patients of head and neck cancer in present
study. Schwartz et al (1962) reported nearly 2 fold
increase while Goel et al, (1986) observed approximately
4 fold increase in serum PHI activity.

The highest mean serum PHI activity has been observed
in cancer nasopharynx may be because it is an hidden site
and patients report in very advance stage with cervical
metastasis. Vaid et al (1974) found serum PHI level raised
more significantly in patients of oral cancer : while Rao et
al (1976) found it to be least informative in oral cancer.
Contrary to present series, Bhatia et al (1979) observed
increased serum PHI activity only in 25% of cancer of
nose and PNS. Vaid et al (1974) reported significant serum
PHI rise in patients with Ca maxilla. This difference can
be explained by the fact that in series of Bhatia et al no
patient of malignancy nose and PNS had cervical
metastasis.
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Table - 1

Serum PHI Levels (Units/ml) in Different site of Lesion and control

Group Number of Serum PHI Level (Units/ml)

Cases Range Mean+SD t value p value
Control 10 17.5 - 33.8 22,40 + 5.20 - -
Larynx 10 320 - 8438 53.52 = 18.96 5.0 <0.01
Laryngopharynx 7 44.25 - 84.6 61.58 = 12.50 7.8 <(.005
QOral Cavity 6 32.0 - 136.0 83.38 + 38.68 38 <0.05
Oropharynx 4 74.25 - 1260 93.26 + 22.64 6.19 <0.005
Nasopharynx 2 1356 - 1405 138.05 = 3.46 - -
Postcricoid 4 36.25 - 84.0 67.06 = 21.53 4.02 <0.01
Oesophagus 2 404 - 78.2 59.3 + 26.72 - -
Nose & PNS 6 445 - 116.0 75.16 £ 31.58 4.0 <(.05
Miscellaneous 2 82.5 - 88.6 85.55 + 4.31 - -

All the values are compared with those of the control.

It seems that probably, the advancement of lesion
influences, the serum PHI activity more than the mere
site of lesion. The mean serum PHI level was higher in
the patients with cervical metastasis (Table -1I).

Bhatia et al (1979) also had observations similar to the
present study. They concluded that alteration in serum
PHI level occurred more significantly in cancer cases
having cervical metastasis than in those without metastasis.
This shows that the lymphatic spread in head and neck
cancer definitely affects the enzyme level in serum and its
an indicator of metastatic growth.

Results shows that there was no significant difference in
level of PHI 1.1 the ulcerative and proliferative growths
(Table-I11). These findings are consistent with the
observations of Goel et al (1986). However Bhatia et al
(1979) reported higher serum PHI level in patients with
ulcerative growth than in proliferative growth.

In present study - the mean serum PHI activity in relation
to TNM clinical staging (Table-1V) revealed that the
increase was directly proportional to the advancement in
the stage of cancer. Goel et al (1986) had similar results.
On comparing serum PHI levels according to the
histological type of cancer it was observed in present study
(Table V) that most of patients (86%) studied had
squamous cell carcinoma. A significant rise in serum PHI
level was found in lymphoepithelioma as compared to other
histological types.

Bhatia et al (1979) and Goel et al (1986) did not observed
any significant alteration in PHI level in relation to the
histology of the tumor.

Initially the study was started with 43 patients but only 29
patients (66%) completed their treatment. The clinical
response to the treatment was good in 4 patients. The
mean serum PHI activities decrease significantly after
treatment in patients who had good response. These values
were comparable to the control group (Table-VI), while
in patients who had poor response mean serum PHI levels
rather increased slightly as compared to their pre-
therapeutic levels. These patients of poor response group
had very advance serum, even at initial reporting and the
disease probably continue to advance either at primary or
secondary site, irrespective to the mode of treatment.

As regard to site of lesion approximately 62% patients of
cancer larynx had good response while all patients of
cancer oropharynx, nasopharynx and postcricoid region
had poor response and accordingly the mean serum PHI
activities altered.

On comparing the mean serum PHI pre and post
therapeutic levels, according to the clinical stage it was
seen (Table-VII) that levels of these enzymes decreased
proportionately in relation to the clinical staging. In stage
IV the mean serum PHI levels though decreased as
compared to their pretherapy level yet were significantly
higher than control level.
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Table - 11
Mean Serum PHI Yalues with or withowt Cervical Metasiasis
Group Total Mo Without Cervical merasiasis With Cervical metasiasis
of Cases M, of cases [ FHI Mo, af Coses [ PHI
Controd 10 . 22405, 20 . .
Larynx LK f 41.13 4 T2.9
Laryngopharyns 7 - - ) A5
Oral Cavity fi 4 6192 z 126,93
Crropharyns 4 - - 4 4326
Nusopharynx 2 = . 2 1380
Posterasaoid i 3 Rl 1 Kd.0
Oesophiagus 2 2 9.3 - -
Mose & PNS f 2 44.55 4 QAT
Miscellancous 2 - - 2 RS.55
Total/mean 43 17 5366 1000 26 B3 9+25.81
Table - 111
Mean Serum PHI Level in Helation to Character of Lesion
Characler of Lesion Mo, of Cases FHI Values
Hange Maun £ 5. [2,
Comptrod Group 110 175 - 3318 L S T
Proliferative 31 320 - 1405 GO Tz 4
Ulcerative 10 526 - 1360 TR 282281
Table - IV
Serum PHI Levels with Clinical Staging
THM Staging Mo, of Cases PHI %l
Ranpe Mean = 5. [0
Comtrol Group 1 17.% - 338 2240 + 520
Stage | 2 120 - 400 B0+ 560
Srage 11 5 320 - 564 434 = 10,57
Stage 10 4 526 - B4R 9 £ 1186
Stage IV 32 36.25 - 14005 RO24 = 2031

Io relation o the rype of treatment {RT, Swurgery or
combination of both) and the response obiained it was
observed (Table-VII), that 52% cases of surgery group
gt pownd response and another 26% moderate response
while in radiotherapy group only | E% cases oblained pood

response, In combined theropy group only 40% cases
hiad Eﬂlﬂd response. [ e eviclenl Vgl since mn_ii:lril}r af
patignts of surpery group had favourable response - the
mepn serum PHI activity decreased significantly in this
group as compared 1w BT group. The patient selected for
surgery had limited lesion &s comparncd to patents of BT
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Table -V

Serum PHI Value in Relation to Histological Type of Lesion

Histological type No. of Cases PHI Value

of Carcinoma Range Mean = S. D.
Control Group 10 17.50 - 38.80 2240 + 5.20
Carcinoma in Situ 2 32.00 - 84.50 58.25 + 37.12
Sq. Cell Carcinoma 35 32.00 - 140.50 81.78 + 62.55
Anaplastic Carcinoma 1 98.40 98.40 + -
Lymphoepithelioma 1 140.50 140.50 -
Adenocarcinoma 2 42.40 - 44.60 4350 £ 1.55
Nonhodgkins Lymphoma 1 95.00 - - 95.00 =

Table - VI

Post Therapeutic Mean Serum PHI Level in Relation to Site and Response of Treatment

Total PHI values in Units/ ml of Serum

No. of | protherapeutic | No. of | Good No. of | Moderate No. of | Poor

Casees Cases | Response [Cases | Response Cases [ Response
Larynx 8 4965 + 1748 | 5 24.1 £ 0.64) - - 3 81.8 + 24.61
Laryngopharynx| 4 64.27 £ 13.99| | 246 = - I 38.8 2 91.0 + 7.07
Oral Cavity 5 84.34 £ 43.17( 2 240 = 141 | 35.5 2 116.0 £ 11.31
Oropharynx 4 9326+ 2264| - - - - 4 79.80 + 13.37
Nasopharynx 1 135.60 - - - - 1 104.00
Postericoid I 68.6 - - - - 1 78.00
Oesophagus ! 40.40 - - 1 324 - -
Nose & PNS 4 72.6 1 242 2 34,35+ 5.72 1 60.40
Miscellaneous 1 82.50 - - | 41.80 - -
Control Group 10 2240 = 5.20
Total 29 71.26 + 2996( 9 24.22 £0.26( 6 36.17 = 397( 14 87.28 = 18.31

group who had advance stage lesions contrary to the
present study series Goel et al (1986) observed in majority
of patients a gradual but significant decrease in serum
PHI activity with respect to RT. But in their study there
were only 4 cases of stage IV out of 28 as compared to
present study where 19 out of 29 cases belong to stage
IV. This might probably the cause of not getting significant
decrease in PHI levels in present study in RT group.

Goel et al (1986) also observed that decrease in serum
PHI activity correlates well with improvement in general

condition of patients as assessed clinically suggesting
tumor inactivity.

Vaid et al (1974) opined that surgical treatment is superior
in restoring serum PHI value to normal similar to present
study. They also opined that post therapy value of serum
PHI return to normal only when whole of the malignant
tissue has been removed completely.

No comparable data were available for serum PHI value
in head and neck cancer patients after treatment in relation
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Table - ¥II
Mean Serum PHI

Level Pre and Fost Therapy in Belafion to Clinical Stage

THM Stage M. of Cases PHI Level
Pretherapy Puosttherapy

Control Group I 240+ 5.H)

Stage | 2 100 = 560 2375 = 1371
Srage 11 3 4140 = 1057 3502 = HA5
Sage 111 3 G100 = 1T STHD = 4576
Stage 1V e B1D = 2950 G 1B = 3494

Table - VI

Post Therapeulic Mean Serum PHI Level in Helation to Type of Treatment and Hesponse of Treatmend

(Contrel Yalue of PHI

= X240 = 52)

Regime i Total  [Pretherapsutic Crowond Response Moderate Hesponse | Poor Hesponse
Treatment | No. of [of PHI N
Cases M. PHI Mo, FHI B, PHI
Kadwtherapy | 17 ThoER £ 31,37 3 2396+ 056 4 IATA £ 360 |10 | 34T5+ 838
Surgery 7 5375 & 22,46 4 M 2071| 2 000+ 240 | TiLH0)
Kadiotherapy | 5 ThT0 £ 2934 2 2470 £ 0,70 - 3 101.33 £ 13.31
Plus Surgery
Toral 24 9 & 14
Table - TX
Pre and Post Therapeutic Serum FHI Level in Regular Followup Cases
Cuse Mo, With Mo, of | Pretherapeutic] Post therapeutic Remaurks
Clinical diagnosis Cpses Level of PHI| level of PHI
Mo 40 Cancer laryngo pharyns with i 595 a) 546 Post Radiotherapy and
pharyna with secondary neck, stage 1Y Surgery

b) TH.G Ar Cancer Tonsil
{Sccond  Primary)

c) 20 Radintherapy, stomal
recurrence secondaries
in neck.

Mo, 10 ; Cancer Laryogopharyns i M0 al 9.9 Post Surgery

with secondary neck siae 110 By LI Stomal fecurrence, Sec.
neck distant melasiass
{Lung bomes).

Moo 15 © Mabgnancy trachea anmd i 4.4 @) 174 Past Surgery.

subglotic 'rugiur: stage I by 252 Post Bucliation
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to site of lesion, clinical staging and mode of treatment.
Repeated estimation of these enzymes in followup period
is very informative as seen (Table-IX), in some of cases
in the present study. Case No. 4 though showed a good
clinical improvement after combined therapy i.e.
radiotherapy and surgery, but his serum enzymes level
continued to be higher which aroused us with the suspicion
of having either recurrence or distant metastasis and then
after detail clinical examination there was another primary
in tonsil region, by radiotherapy the tonsillar lesion also
regressed but, there was continuous rise in serum level of
these enzymes and subsequently patient had stomal
recurrence and secondaries in neck.

In another interesting case (Case No. 15) after an adequate
surgical excision patient had presented but there was
significant fall in serum enzymes level and in subsequent
followup patient had a very good clinical response. These
observations showed that repeated estimation of these
enzyme levels in serum during followup period may help
in early detection of recurrence even before they are
clinically detectable.

Vaid et al (1974) also opined that serum enzymes level
came to normal only after complete excision of tumor
mass and their level will rise again with recurrence.

Estimation of serum PHI levels is not a confirmatory test
for head and neck malignancy. Elevated levels of serum
PHI are also found in various other conditions like
myopathies, hepatitis, myocardial infarction etc. These
alterations in serum PHI levels are also known to occur in
the lung, breast and prostate cancers.

CONCLUSION
However the estimation of this enzyme was found to have

Indian Journal of Otolaryngology and Head and Neck Surgerv Vol. 53 No. 1, January -

significant role in diagnosis of cancer, detection of residual
growth, response to treatment and early detection of
recurrence and secondaries.
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