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Two methods of assessment of methotrexate
hepatotoxicity in patients with rheumatoid arthritis

P de la M Hall, M J Ahern, L R Jarvis, P Stoll, M A Jenner, H Harley

Abstract
Serial liver biopsy specimens from 18 patients
with rheumatoid arthritis receiving a weekly
dose of methotrexate 7.5-20 mg for a mini-
mum of 12 months were assessed semi-
quantitatively and by a microcomputer image
analysis system. The semiquantitative histo-
logical method showed a significant increase
in pericellular collagen and in overall disease
while morphometry showed a significant
increase in periceliular, perivenular, and
portal tract collagen. There was a significant
correlation between the two methods, but
morphometry had the advantage of objectivity
and efficiency. There was no correlation
between the increase in collagen and the
accumulated dose of methotrexate, which
suggests that other factors in addition to
methotrexate may contribute to liver injury.
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Methotrexate has been shown to be effective in
the treatment of rheumatoid arthritis and is
often given for long periods of time because of
its continuing efficacy. 1-3 The major concern of
long term usage of methotrexate is hepatotoxi-
city; correlation between the duration of treat-
ment, frequency of administration, and the
development of hepatic fibrosis and cirrhosis
has been shown in patients with psoriasis
treated with methotrexate.4
The spectrum of methotrexate hepatotoxicity

includes a number of non-specific histological
features, such as fatty change, focal liver cell
necrosis, portal tract inflammation, pleomor-
phism of hepatocyte nuclei, hepatic fibrosis,
and cirrhosis.4"' Progression of hepatic fibrosis
to cirrhosis has been described in association
with relatively high doses of methotrexate given
over a prolonged period.""'8 All previous
studies of methotrexate hepatotoxicity have
been subjective, though Roenigk et al,'9
Tolman et al,20 and Rau et al2' used a semi-
quantitative histological grading to evaluate
liver injury. In this study we used a micro-
computer image analysis system to detect and
measure hepatic collagen in sirius red stained
sections. To validate this methodology we
studied patients with rheumatoid arthritis
taking methotrexate and compared the com-
puter generated results with those of a semi-
quantitative histological grading system. Small
but significant increases in hepatic collagen
occurred over the duration of the study, but in
no case was the increase sufficient to warrant
the withdrawal of methotrexate. Computerised
morphometry has the advantage of being able to
detect early but significant increases in hepatic

collagen; early recognition of progressive
hepatic fibrosis and withdrawal of methotrexate
should reduce the risk of serious, irreversible
hepatic injury. This sensitive technique could
also be used to evaluate interactive toxicity-for
example, alcohol as a possible potentiator of
methotrexate hepatotoxicity.

Patients and methods
The study group comprised 18 patients (11
women, seven men) with rheumatoid arthritis
seen consecutively in a rheumatology clinic and
treated with low dose methotrexate. To qualify
for inclusion in the study patients had to agree
not to consume alcohol while receiving metho-
trexate; diabetic and obese patients and patients
with renal insufficiency were excluded. All
patients had two liver biopsies; five patients had
their first biopsy before the start of metho-
trexate treatment while the other 13 patients
were already receiving the drug at the time of
the first biopsy. Table 1 gives the clinical profile
and details of methotrexate treatment. Patient
15 (table 1) had a 144 month interval between
biopsies but had only been receiving metho-
trexate for 15 months with an accumulated dose
of 1075 mg. This patient was excluded from the
calculation of the mean time between biopsies.
Before entering this study all patients had
received gold salts and nine patients (50%) had
received hydroxychloroquine. The choice of
non-steroidal anti-inflammatory drugs was
limited to naproxen or ketoprofen, and analgesic
drugs to dextropropoxyphene.
The study was approved by the medical

ethics committees at Flinders Medical Centre
and Repatriation General Hospital, Adelaide.
All patients gave informed consent.
The liver biopsy specimens were obtained

with a Trucut needle; two cores were obtained
at the second biopsy, one of which was snap
frozen for subsequent drug analysis.22 The
specimens were fixed in neutral buffered
formalin and processed routinely; 4 ,um paraffin
sections were stained by haematoxylin and
eosin, Fouchet-sirius red for collagen, periodic
acid-Schiff reagent with and without diastase,
Perls' method for haemosiderin, and Gordon
and Sweet's method for reticulin.

For the purpose of this study the following
features were evaluated semiquantitatively:
fatty change, focal necrosis of hepatocytes,
Kupffer cell enlargement, nuclear pleomorphism
in hepatocytes, portal tract inflammation, and
pericellular, perivenular, and portal tract
collagen. A five point score was used: 0=feature
absent or normal; 1 =minor increase; 2=mild
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Table I Clinical information and details of methotrexate treatment in 18 patients

Case Age* Sex Weekly Total Duration of Methotrexate dose Time between
No methotrexate methotrexate treatment between biopsies biopsies

doset (mg) dose (mg) (months) (mg) (months)
1 75 F 10 3245 65 1430 33
2 41 F 15 5190 80 2070 32
3 65 F 12 5 4020 58 1665 31
4 64 M 17 5 5480 72 2065 27
5 75 F 15 2445 45 1995 31
6 48 F 15 4505 70 1995 31
7§ 64 F 15 1025 13 1025 15
85 67 M 15 890 13 890 13
9 62 F 17 5 4695 49 3210 31
10 61 M 25 8450 78 3250 30
115 63 M 7 5 405 12 405 12
12 52 M 15 5210 73 2565 31
13 64 F 10 2675 45 1330 32
14§ 66 F 15 1025 15 1025 15
15§ 62 M 15 1075 15 1075 1444
16 61 F 17 5 4060 54 2240 30
17 67 M 20 3400 40 2620 31
18 70 F 17 5 4060 54 2240 31

Mean (SD) 63 (9) 15 (4) 3436 (2084) 47 (24) 1839 (797) 27 (8)
Range 41-75 7 5-25 405-8450 12-80 405-3250 12-144

*Age at the time of the second liver biopsy.
tMost commonly used weekly dose of methotrexate.
4Excluded from calculation of the mean.
§First biopsy before the start of methotrexate treatment.

increase; 3=moderate increase; 4=marked
increase.

MORPHOMETRY
An additional 4 Itm section of each biopsy
specimen was deparaffmised, hydrated, and
stained using a method based on sirius red
F3BA.23 This sirius red method was previously
developed and biochemically validated for
photometric estimation of collagen and protein;
to assist image analysis detection of collagen the
picric acid counterstain of this technique was
omitted. Sections of the 18 pairs of liver biopsy
specimens were stained as a single batch to
avoid possible intensity variation. After
dehydration in graded alcohol the sections were
mounted in a permanent mounting medium.
The proportion of hepatic collagen was

measured using a microcomputer image analysis
system24; software was developed for detection,
editing, and measurement of pericellular col-
lagen (collagen in the space of Disse), peri-
venular collagen (collagen in the walls of
terminal hepatic venules), and portal tract
collagen in sections of sirius red stained liver
biopsy specimens. A x 40 objective, x 5 camera
eye piece, a 550 nm interference filter, and a
constant threshold were used for all measure-
ments; the measurements were performed by
the same person (PS) who had no prior knowledge
of the patients or their liver biopsy specimens.

Collagen measurements were expressed as the
percentage area of collagen per tissue area.
Measurements were made only on those fields
where the tissue occupied the whole image area.
The biopsy specimen was examined by tracking
from one end of the core to the other measuring
collagen in sequential non-overlapping fields.
Portal tracts and terminal hepatic venules were
encountered randomly and all collagen related
to each feature was measured. At least 20 fields
were measured for each section to give a
representative mean for pericellular collagen in
the specimen, determined by the method of
summation of averages.25 The number of fields

for perivenular and pericellular collagen varied,
depending on the number and size of the feature
being measured. From the means for each
parameter in each biopsy specimen, the increase
in percentage collagen between consecutive
specimens was calculated.

'Total' collagen represents the sum of the
measurements of percentage collagen over all
fields that were imaged.

STATISTICAL METHODS26
The Wilcoxon matched pairs signed rank sum
test was used to compare two sets of histological
scores in the 18 pairs of biopsy specimens. The
significance of the change in percentage col-
lagen between the first and second biopsy
specimen as measured morphometrically was
assessed by the Student's t test. Kendall's rank
correlation was used to examine the correlation
between the semiquantitative and the morpho-
metric assessments of 'total' hepatic collagen.
Linear regression analysis was used to examine
the correlation and statistical significance of
increases in percentage of collagen and the
accumulated dose of methotrexate.
The results of all statistical tests were re-

garded as significant if p<0 05.

Results
SUBJECTIVE ASSESSMENT BY LIGHT MICROSCOPY
Seventeen of the 18 initial biopsy specimens
showed at least a minor departure from 'normal',
but none was thought to be sufficiently
abnormal for the methotrexate to be either
withheld or withdrawn. The main abnormalities
were (a) fatty change which ranged from mild to
moderate seen in 14 specimens and (b) mild to
moderate portal fibrosis seen in 15 specimens.

Table 2 shows the histological scores for the
eight features that were assessed in the 18 pairs
of liver biopsy specimens. Each feature was
more pronounced in the second specimen, the
greatest changes being seen in portal tract
inflammation, pericellular and perivenular
collagen.
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Table 2 Histology score* in 18 liver biopsy specimens

Pathological feature Ist Biopsy 2nd Biopsy

Fatty change 23 27
Focal necrosis 8 10
Enlarged Kupffer cells 1 5
Nuclear pleomorphism 10 15
Portal tract inflammation 16 25
Pericellular collagen 6 17
Perivenular collagen 8 17
Portal tract collagen 22 27

'Sum of the histological score, each feature graded 0-5.

Table 3 Total histology score

Case No Ist Biopsy 2nd Biopsy*

1 6 11
2 3 6
3 5 8
4 9 12
5 11 15
6 3 12
7t 4 7
8t 0 5
9 5 14
10 9 11
lit 1 8
12 11 9
131- 8 7
14t 3 2
15 3 9
16 5 9
17 9 5
18 9 11

*Scores in the second biopsy for the group are significantly
greater than in the first biopsy p<002; Wilcoxon matched pairs
signed ranks test.
tFirst biopsy before the start of methotrexate treatment.

MORPHOMETRY
Figures 1-6 are selected examples of changes in
hepatic collagen; the photographs were taken
directly from the computer screen. Pericellular
collagen was not seen in the first biopsy
specimen (fig 1) but was prominent in a selected
field in the second specimen from the same
patient (fig 2). A small amount of perivenular
collagen was seen in the wall of a terminal
hepatic venule in the first biopsy specimen (fig
3) but a considerably greater amount was seen
in the second specimen from the same patient
(fig 4). Small amounts of collagen were seen in a
small portal tract in the first biopsy specimen
(fig 5) but increased amounts of collagen were
seen in a portal tract of the same calibre in the
second specimen from the same patient (fig 6).

Table 5 shows the increase in percentage
collagen in the pericellular, perivenular, and
portal tract regions of the 18 pairs of liver
biopsy specimens. 'Total' collagen represents
the sum of the means of measurements for
pericellular, perivenular, and portal tract
collagen over all fields that were imaged in each
biopsy. A statistically significant increase in

The change in liver pathology in the 18
patients was assessed by the summation of the
histological score for each biopsy specimen
(table 3). Statistical analysis of the group as a
whole showed a significantly greater score in the
second specimen; in each patient, however, the
overall changes were considered to be minor
and were not thought to warrant withdrawal of
methotrexate. The Roenigk et al'9 classification
of hepatic injury provided a less sensitive
grading system; three of our patients progressed
from grade I to grade II and one changed from
grade IIIa to grade IlIb.
The histological score for pericellular, peri-

venular, and portal tract collagen in each pair of
biopsy specimens was analysed separately (table
4) to compare this method of assessment with
the results obtained by morphometry.

Table 4 'Subjective' histology score

Case Pericellular collagen* Pervenular collagent` Portal tract collagen:`-*
No

1st 2nd Ist 2nd 1st 2nd
Biopsy Biopsy Biopsy Biopsy Biopsy Biopsy

1 1 2 1 2 1 2
2 0 1 0 0 0 1
3 0 0 0 0 1 2
4 1 2 1 2 2 3
5 1 2 1 2 2 2
6 0 1 0 1 1 2
7 0 1 0 1 1 3
8 0 0 0 2 0 0
9 0 1 0 1 1 2
10 0 1 0 1 2 2
11 0 1 0 1 1 1
12 0 1 1 0 2 2
13 0 1 0 0 2 1
14 0 0 0 0 2 0
15 0 0 0 0 1 1
16 0 1 1 2 2 1
17 2 1 2 1 0 0
18 1 1 1 1 1 2

Wilcoxon matched pairs signed ranks test: `p<O-01; **p>005; ***p>0O25.

, * - . . w~~a- - X
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Figure I Liver biopsy specimen before methotrexate
treatment, in which there is no evidence ofcollagen deposition
between the cords ofhepatocytes. Computer generated image
ofsirius red stained section using a x40 objective and
photographed directly from the computer screen.
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Figure 2 Second biopsy specimen from the same patient as
the biopsy specimen shown in fig 1. Prominent amounts of
pericellular collagen (black material) are seen between cords
ofhepatocytes. Computer generated image ofsirius red
stained section using a x40 objective.
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Figure 3 First liver biopsy specimen showing a small
amount ofcollagen in the wall ofa terminal hepatic venule.
(Computer generated image of sirius red stained section using a
x 40 objective.
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Figure 4 .Seconid liver biopsyZ specimen from the same
patient as f-ig 3. A large amount of collagen (black material
is seen in the wall ofa terminal hepatic venule; pericellular
collagen is also present. Computer generated image of a sirius
red section using a x 40 objective.
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Figure 5 First liver biopsy specimen showing a small
amount of'collagen in a portal tract. Computer generated
image of s.rius red stained section using a x40 objective.

Figure 6 Second liver biopsy specimen Jrom the same
patient as fig 5 showing a prominent amounIt o1'collagen
(black material) in a portal tract. Computer generated i'mage
ofa sirius red stained section using a x40 objectizve.

TableS Increase in percentage collagen (morphometric,) in 18 pairs of lizer biopsv specimens

Pen'cellular Penrvenular
collagen (ollugen

3 41
3-65
005
0-64
154
2 02
4-11

-0-62
4 05
4 18
2-06

-0 44
0 99
0 30

-1 01
2 87
0 70
0 77

163
1-74

9.73
1 85
0 72
12 96
2 89

-1 94
0 85
8 90

11 458
8 34
108
108

-1-84
193

-1 31
3 98
2 46
1 21

3 58
4 64

'orial trat- "7)tal' heipalti
Collagen collaci'n

8X33
12 13
5.94

11 55
2 00
4 90

26 66
0 20
4.73
2 69
129

15-01
1 89

- 877
-2-24
13 08
-3-78
15 98

6 20
8-45

2 17
c5 -70
4-32
4-61

157
162

10-84

2-10
4.45
2-97
2-76

-2-34
I 04

-2 39
- 1-05
4 12

-I 80
4.77

2 53
3-27

collagen was seen in each of the three regions
measured in the second biopsy specimens:
pericellular collagen p<002, perivenular
collagen p<005, portal tract collagen, p<005
(raw data not shown).
The 'total' collagen in the second biopsy

specimens, expressed as a percentage of the area
of the specimen that was imaged, showed a
tendency to increase in relation to the total dose
of methotrexate, but the correlation was not
significant (r=0 28, p>025). Similarly, the
increases in percentage of pericellular and 'total'
collagen tended to be greater in those patients
with the higher total doses of methotrexate, but
again the results were not statistically significant
(fig 7). The subjective method for assessing
increases in hepatic collagen showed no change
in three pairs of biopsy specimens, minor
increases in 13, and less collagen in the second
specimen in two patients (Nos 14 and 17) (table
4). While the morphometric assessment showed

Case
No

2

3

4

6
7
8
9
10
11
12
13
14
15
16
17
18

Mean
SD

'Total' collagen represents the sum of the measurements of per.entagc collagen over till flelds that
were imaged and does not represent the sum of the percentage collagen in the three regions that wcre
measured.
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maximum total score for each feature in the 18
specimens would be 54 if moderate and 72 if
marked. The severity of liver disease in the
second biopsy specimen did not justify stopping
methotrexate treatment in any patient. In accor-
dance with the guidelines laid down by Lewis
and Schiff29 a follow up biopsy is planned for all
patients. Withdrawal of the drug will be
considered if fibrosis progresses.

This type of semiquantitative assessment is
valuable but it is time consuming, subjective,

** r=0.35 and liable to both intraobserver and inter-
p.0.10 observer variation. The morphometric method

n*18 of assessment was developed to overcome the
n_l8 shortcomings of subjective assessment and to

provide a reliable and reproducible baseline
from which changes in serial biopsy specimens
from individual patients could be assessed.

0 2000 4000 6O00 8000 10000 For the most part the 'total' collagen as
TotalMTX Dose (m) measured in this study is a reflection of the

percentage of collagen situated within the portal7 Change in the percentage pertcellular collagen in tat.Nvrhls,aaye ftecagsind biopsy specimen compared with thefirst biopsy tracts. Nevertheless, analyses of the changes i
Xn plotted against the total methotrexate dose (mg). the percentage collagen in the pericellular,

perivenular, and portal tract regions show that a
small but significant increase in collagen is

crease in percentage of 'total' collagen occurring in all three regions. In contrast, the
ig from 1 to 11% in the same 13 patients, semiquantitative method showed a significant
was a 1-2% decrease in 'total' collagen in change in pericellular collagen only (table 4),
cond biopsy specimen of two patients in suggesting that the computerised method is
the subjective grading showed no change more sensitive. Previous studies have shown a
12 and 15). In one patient (No 17) highly significant correlation between histo-
sing granulomas were seen in the first photometric estimation of collagen and bio-
y specimen but not in the second and both chemical measurements of hepatic hydroxypro-
_ds of assessment detected less 'total' line.23

collagen in the second specimen. There was a
minor discrepancy in one instance (No 13): on
subjective assessment no change was recorded
while morphometry showed a 1% increase in the
percentage of 'total' collagen.

There was a significant, positive correlation
between the subjective and the morphometric
assessments of change in 'total' collagen
(r=0-498; p<0 01).

Discussion
The purpose of this study was to assess liver
pathology in serial liver biopsy specimens,
occuring in association with methotrexate and
to validate a computerised method for measur-
ing hepatic fibrosis by comparing the computer
generated results with those obtained with a
semiquantitative grading system.
Of the five patients who had biopsies before

the start of methotrexate treatment, only one
was considered normal, the others showed
minor abnormalities (table 3) such as have been
found in the livers of patients with rheumatoid
arthritis.212728

All 18 patients showed a variety of non-
specific abnormalities in their second biopsy
specimen; the range of pathology was similar to
that described in previous studies."3 Analysis
of the sum of the histological scores in the 18
pairs of biopsy specimens (table 3) showed a
significant change in the scores in the second
specimen; it is most likely that these changes are
associated with methotrexate. As can be seen
from table 2, however, the sum of the scores for
each histological feature is low given that the

Given that the 18 patients in this study were
not at risk from other hepatotoxic drugs, such
as aspirin, paracetamol, and sulindac, alcohol,
or obesity related liver disease, it is probable
that the methotrexate is responsible for the
overall increase in the liver disease and liver
collagen. Rau2' concluded (in a cross sectional
study) that liver abnormalities were not related
to methotrexate treatment, but these conclusions
were obtained by comparing 60 biopsy speci-
mens obtained before methotrexate treatment
with specimens obtained from 37 different
patients and three patients who had liver
biopsies before methotrexate treatment.

Unlike Kremer et a127 we were unable to show
a correlation between the fibrotic changes and
the cumulative dose of methotrexate. This may
be partially explained by the relatively short
duration of our study period (27 (8) months)
compared with the five to six years of Kremer's
study. As there was a small but significant
increase in collagen in all regions measured by
the computer in the second biopsy specimens,
and because of the lack of correlation between
dose of methotrexate and collagen changes, we

suggest that other factors in addition to metho-
trexate are contributing to progressive hepatic
fibrosis. The risk of methotrexate hepatotoxicity
may well prove to be analogous to that of
alcohol associated liver injury where other
factors such as hepatotoxic drugs, hepatitis B
virus infection, immunological factors, genetic
susceptibility, vitamin deficiencies or excesses
may contribute to liver injury.29 Alcohol is
certainly thought to potentiate the hepatotoxic
effect of methotrexate.5 9 31
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The pathogenesis of methotrexate hepato-
toxicity is poorly understood, but it seems likely
that metabolites of methotrexate may have a
role.22 3234 To date there have been few ultra-
structural studies of the effects of metho-

35-38-trexate ; important observations include the
increase in size and number of fat storing (Ito)
cells and the associated increase in pericellular
collagen-that is, collagen in the space of Disse.
In our study we found an increase in pericellular
collagen in 12 of the 18 patients on subjective
assessment, while morphometric assessment of
these 12 cases showed a 1-5% increase in
percentage pericellular collagen. Alcohol and
possible excess vitamin A may well potentiate
methotrexate hepatotoxicity by further enhanc-
ing collagen production by perisinusoidal
cells.39-2 We are currently evaluating the effect
of methotrexate on fat storing cells at the
ultrastructural level.

In conclusion, a microcomputer analysis
system has been used to assess progressive
hepatic fibrosis rapidly and reliably in patients
receiving low dose methotrexate for rheumatoid
arthritis. Small but significant increases in
hepatic collagen were seen in the group as a
whole; the lack of correlation with the total dose
of methotrexate raises the possibility that other
contributing factors, yet to be identified, may
be important determinants in hepatic fibrosis.

We thank Dr W Hill for allowing us to study liver biopsy
specimens from his patients, Mr Rikki Kerr for technical
assistance, and Ms Marie Daniel for secretarial assistance. The
work was funded by the Commonwealth Department of
Veterans' Affairs, Australia and the Arthritis Foundation of
Australia.
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