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Chapter 10

Abstract

Patients with small cell lung cancer (SCLC) survive longer if they have the antibody-
mediated Lambert-Faton myasthenic syndrome (LEMS), making this autoimmune
disorder a prototype disease for studying cancer immunosurveillance. Patients with
non-tumour LEMS (NT-LEMS) never develop SCLC, but are otherwise
indistinguishable clinically. Therefore, we have compared immunogenetic factors in
SCLC-LEMS and NT-LEMS and studied their role in the pathogenesis of LEMS and
survival from SCLC. In 48 British and 29 Dutch Caucasian LEMS patients, we studied
clinical symptoms, antibody titres, HLA-types and alleles at six nearby located
microsatellite loci. Highly significant associations were found in NT-LEMS, which
appeared strongest with HLLA-BS, but also involved HLA-DQ2, -DR3 and six flanking
microsatellite alleles. SCLC-LEMS patients were not different from controls. Smoking
was a strong predictor of SCLC. In contrast, HLA-B8 positivity correlated with a
decreased risk of SCLC even among the smokers. Moreover, in SCLC-LEMS patients,
HILA-BS8 positivity correlated with prolonged survival after LEMS onset. We propose
that two distinct immunopathogenetic routes can lead to one clinically and
serologically indistinguishable autoimmune myasthenic syndrome. HLA-DR3-B8 is
strongly associated with LEMS in non-tumour patients only. In other LEMS patients,
SCLC apparently provides a powerful autoimmunogenic stimulus that overrides HLA
restrictions in breaking tolerance to calcium channels. Moreover, negativity for HLA-
B8 combined with smoking behaviour points more strongly to an underlying SCLC,
and predicts a worse prognosis in SCLC-LEMS patients.
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HIA and smoking

Introduction

Less than 10% of patients with small cell lung cancer (SCLC) survive more than two
years after tumour detection.! The median overall survival is only 10 months after
diagnosis of these strongly smoking-related tumours. However, it reaches 17.4 months
in SCLC patients who have the rare autoimmune Lambert-Eaton myasthenic
syndrome (LEMS).2 This highly informative antibody-mediated paraneoplastic disorder
must hold clues to mechanisms of cancer immunosurveillance. Several studies of
paraneoplastic neurological diseases confirm that the immune system can mount a
strong response against the associated malignant tumour, resulting in its regression or
even eradication.>> However, the neoplastic cells often cease to present key target
molecules and subsequently escape recognition.

LEMS is a prototypic paraneoplastic disorder, with an unusually well defined target
autoantigen, the P/Q-type voltage gated calcium channels (VGCC). An SCLC is found
in approximately 50% of all LEMS patients,® while 1-3 % of all SCLC patients develop
LEMS (SCLC-LEMS).” The SCLC cells express P/Q-type VGCC, and LEMS patients’
IgG reduces Ca 2* flux into SCLC cell lines.® Apparently, therefore, in SCLC-LEMS,
the autoantibodies are initially provoked by tumour VGCC that cross-react with those
at the nerve terminals; indeed, if the tumour can be removed or destroyed, the
antibodies may wane,” and LEMS often remits.!0

Interestingly, another subgroup of typical LEMS patients never develop SCLC, even
after prolonged follow-up, most of whom are non-smokers.0 In three small series of
these non-tumour LEMS (NT-LEMS) patients, there are consistent associations with
HLA-DQ2 and -DR3 in the class II region, and especially with B8 in class 1.1 These
alleles belong to the same conserved HLA-DR3-B8-A1 haplotype that associates with
several other autoimmune disorders, including eatly-onset myasthenia gravis (MG).!4
More detailed analysis of the intervening class III and nearby class I regions using
microsatellites has identified a highly conserved combination of linked alleles.!> In
SCLC-LEMS cases, the evidence for associations with this HLA region is less clear. A
marginally increased prevalence of HLLA-B8 was noted only in one series of 14 LEMS
patients with tumours.!! In other paraneoplastic autoimmune disorders, such as the
SCLC-related anti-Hu syndrome!¢ and thymoma-related MG,!” no clear associations
have been reported.

These findings suggest that distinct immunopathogenetic pathways could lead to an
identical neurological and serological picture in paraneoplastic and idiopathic LEMS.
Seeking clues to underlying mechanisms, we studied differences in HLA-genotypes
between these LEMS subgroups in a large combined British and Dutch cohort.
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Materials and methods

Patients

The 37 available Dutch LEMS patients were ascertained through a nationwide study
from 1997 to 2000. Twenty-nine of them met our inclusion criteria, as did 48 of the 67
available British LEMS patients (seen in Oxford or London between 1983 and 1997)
(Fig. 1). These criteria were Caucasian LEMS patients with a cytologically or
histologically proven SCLC, or patients with no tumour plus at least three years follow-
up after the diagnosis of LEMS.

LEMS was diagnosed if the patient had muscle weakness and either anti-P/Q-type
VGCC serum antibodies or abnormal electromyography (or both), the latter
comprising a reduced resting compound muscle action potential amplitude that
increased by >100% following high-frequency repetitive nerve stimulation or maximal
voluntary contraction. Two neurologists, one in Oxford and one in Leiden, examined
all patients and evaluated (serially) their weakness and autonomic dysfunction, the
drugs given to treat their LEMS and the presence of other immunological disorders
(Table 1). They were considered smokers if they had consumed one or more cigarettes
per day during at least one year. All sera were assayed for the presence of anti-P/Q-
type VGCC antibodies in Oxford at diagnosis as described before.?

Dutch patients British patients
n=37 n=67

Non-Caucasian n=5 Non-Caucasian n=6
(1 SCLC, 4 non-tumour) (3 SCLC, 3 non-tumour)

A\ 4

A 4

» Follow-up < 3 yrs n=2 »{ Follow-up < 3 yrs n=9
»| other tumour n=1 P other tumour n=4
A 4 A 4
included patients included patients
n=29 n=48
SCLC no tumour SCLC no tumour
n=9 n=20 n=17 n=31

Figure 1. Flow-chart showing inclusion of Dutch or British patients.
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Table 1. Clinical features of the patients included.

Non-tumonr associated LEMS (n=>51) Small cell lung cancer associated LEMS (n=206)
Dutch British Total Dutch British Total P
Sex (male:female) 9:11 16:15 25:26 7:2 10:7 17:9 n.s.
Onset-age in yearsd 53 (11-69) 51 (16-74) 51 (11-74) 55 (35-73) 58 (43-72) 58 (35-73) 0.0004
Anti-VGCC-antibody
patients positive (%) 18 (90%y) 27 (87%) 45 (88%) 8 (89%) 15 (88%) 23 (88%) n.s.
titre in pmol/IP 274 (0-738) 190 (0-1532) 217 (0-1532) 451 (36-741) 157 (0-2772) 237 (0-2772) fn.s.
Smoking history (%o) 9 (45%) 11 (35%) 20 (39%) 9 (100%) 14/15¢ (93%) 23/24 (96%) 1.6x10-¢
Additional AID (%) 5 (25%) 10 (32%) 15 (29%) 0 (0%) 3 (18%) 3 (12%) n.s.

LEMS=Lambert-Faton myasthenic syndrome. VGCC= voltage gated calcium channel. n.s.= not significant. AID= autoimmune disorders.
*p-values are given for comparisons between totals of patients with non-tumour associated versus small cell lung carcinoma associated LEMS.
bmedian (range).

for two British patients, no information about smoking history was available.
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Chapter 10

The medical Ethical Committees of both hospitals approved the study and all patients
gave informed consent.

HILA typing

All patients were HLA-typed for class I using PCR-SSO (Dynal Biotech) and for class
II using standard PCR for sequence-specific polymorphisms (PCR-SSP).'8 HLA
typing of the Dutch control group was previously performed in Leiden.'® HLLA data
for British controls are from Haworth.1%20 The control group for microsatellite
prevalences consisted of 324 unrelated healthy randomly selected Dutch individuals.
Genotyping for microsatellite alleles

Six microsatellite marker loci were studied; D6S1014, D6S273, TNFa in the MHC
class III region of chromosome 6 and MIB, C1-2-5 and C1-3-2 nearby in the MHC
class I region (Fig. 2). Microsatellite typing was performed as described previously.!>
Statistical analysis

We compared clinical characteristics by standard t-test or Chi-square test when
appropriate. Odds Ratios (OR) were calculated using Haldane’s modification of
Woolf’s method. Differences in prevalences of alleles or allele combinations were
tested by Fishet’s exact test using the StatXact statistical package (Cytel Software,
Cambridge, MA, USA). For extra rigor, p-values of HLA and microsatellite phenotype
prevalences were corrected for multiple testing (using the sum of all informative alleles
tested at each locus, n=102; p.-value). Survival data were compared using a Log-rank
test included in the SPSS software package (SPSS Inc., Chicago, Illinois, USA).

Results

Clinical characteristics

The NT-LEMS patients had significantly lower onset-ages than the SCLC-LEMS
patients (p=0.0004) (Table 1). The modest increase in prevalence of other
autoimmune diseases in NT-LEMS did not reach significance. We saw no differences
in anti-P/Q-type VGCC antibodies. The proportion of smokets among the SCLC-
LEMS patients was 96% compared to only 39% in the NT-LEMS patient group
(p=1.6x109); the average in the general Dutch population for 1997 was 40% in males

and 32% in female.2!
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HI.A analysis

No difference has been reported for HLA-DR3, -B8 or -Al prevalences between
Dutch and British healthy controls.’820 Our Dutch and British LEMS patients also
showed very similar HLLA prevalences without significant differences (Table 2, Fig. 3).
Therefore, they have been combined here (Table 3). We found highly significant
associations with the HLA-DR3, -B8 and -A1 alleles in NT-LEMS compared to both
the controls and the SCLC-LEMS cases (Table 3, Fig. 3). The strongest was with
HLA-B8 (p.=7.8x10-10 versus controls, p.=2.2x10* versus SCLC-LEMS). The
associations with HLLA-B8 and -DR3 could not be separated from each other by
calculating either of them conditional on the other. However, it should be noted that
DR3*-B8 and DR3-B8* haplotypes are uncommon in Caucasians. In striking
contrast, in SCLC-LEMS, these alleles showed no increases, whether individually or in
combination; the apparent decreases are not significant.

Microsatellite analyses

The microsatellite combination D651014*143, D6S273*139, TNFa*99, MIB*350, C1-
2-5%196 and C1-3-2*354 was seen in 45% of the NT-LEMS patients, versus 15% of
the controls (Table 3, Fig. 3). These alleles are in strong linkage disequilibrium with
the HLA-DR3-B8-A1 haplotype; collectively they are markers for a conserved
haplotype.!> We confirmed that all six of these alleles were inherited together; in four
of four families of Dutch NT-LEMS patients, the complete haplotype was present in
all the HLA-DR3-B8* first- degree family members that were tested, including at least
one parent and one sibling (not shown). No significant differences in allele
prevalences were found between SCLC-LEMS and controls.

Table 2. HI.A-DR3, -B8 and -A1 prevalences in Dutch and British patients with non-
tumonr Lambert-Eaton myasthenic syndrome (NT-1.LEMS) and small cell lung carcinoma
assoctated Lambert-Eaton myasthenic syndrome (SCLC-LEMS).

Locus Allele Dutch NT- British NT- p Dutch SCLC- British SCLC-  p

LEMS (%) LEMS (%) LEMS (%) LEMS (%)
n=20 n=31 n=9 n=17
HI A-phenotype prevalences
HILA-
DRB1 0301 13 (65) 23(74)  ns 222 3(18) ns
HLA-B 0801 14 (70) 21 (68) ns 222 1(6) ns
HLA-A 0101 9 (45) 16 (52) ns 1(11) 1(6) ns
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Figure 3. HLLA and microsatellite phenotypes in each patient. Black/white boxes indicate positivity/ negativity for each allele
listed from left (centromeric) to right (telomeric): HI.A-DRB1*0301; D6851014*143; D6S273%139,TNFa*99; MIB*350;

HI.A-B*08; C1-2-5%196; C1-3-2%354 and HI .A-A*01.

Patients with non-tumour LEMS
| | |

Patients with SCLC-LEMS
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Table 3. HLA and wmicrosatellite phenotype prevalences in non-tumour Lambert-Eaton myasthenic
syndrome (NT-LEMS), small cell lung carcinoma associated Lambert-Eaton myasthenic syndrome

(SCLC-LEMS) and healthy controls.

Locus Allele Controls NT-LEMS SCLC-LEMS NT-LEMS vs. NT-LEMS vs.  SCLC-LEMS
(%) (%) (%) Controls SCLC-LEMS vs. Controls
n=51 n=26 p/pe-value p/pe-value p/pe-value
HI_A-phenotype prevalences
HILA-DRBI1 0301  599/2395 (25) 36 (71) 5(19) 1.9x10-11/ 2.0x10” 2.6x10-5/ 2.8x103 ns
HLA-B 0801  554/2440 (23) 35 (69) 3(12) 7.4x1012/ 7.8x1010  2.1x10¢/ 2.2x10+ ns
HLA-A 0101 747/2439 (31) 25 (49) 2 (8 8.5x103 / ns 3.0x104/ 3.1x102  9.2x103 / ns
DR3+B8 426/2131 (20) 32 (63) 2 (8 7.0x10-11/ 7.4x10° 2.3x10¢/ 2.5x10+4 ns
B8+A1 416/2201 (19) 22 (43) 1 4 9.1x105 / 9.6x103  2.0x10*/ 2.1x102 ns
DR3+B8+A1 343/2103 (16) 21 (41) 0 2.9x10% / 3.0x103 3.2x10%/ 3.4x10° 1.5x102/ ns
Microsatellite marker phenotype prevalences
Do6S1014 143 51/324 (16) 32 (63) 4 (15) 9.9x10-12/ 1.0x10* 8.8x105/ 9.3x103 ns
D6S273 139 48/324 (15) 34 (67) 5(19) 6.2x1014/ 6.5x1012  8.9x10-/ 1.0x102 ns
TNFa 99 136/324 (42) 40 (78) 14 (54) 1.4x106 / 1.5x10*  3.6x102/ ns ns
MIB 350 84/324 (26) 34 (67) 8 (31) 2.6x108 / 2.7x10 3.7x103/ ns ns
C1-2-5 196 62/324 (19) 34 (67) 6 (23) 2.2x1011/ 2.3x10 5.9x104/ ns ns
C1-3-2 354 101/324 (31) 34 (67) 14 (54) 2.6x10¢ / 2.8x10+ ns 2.8x102/ ns
Conserved 39/254 (15) 23 (45) 2 (8 1.1x10° / 1.2x10° 7.6x104/ ns ns
haplotype?

“The conserved haplotype includes the alleles: D6S1014*143, D65273*139, TNFa*99, MIB*350, C1-2-5%196, and C1-3-2*354. P-values are shown before (p) and after

correction (pc) for the total number of alleles tested (correction factor = 102).

04 4219045



LOT

LEMS
n=75*

smokers:

SCLC in 23/43 (53%)

I

OR 18.3 non-smokers:

<+— o 3 —
R SCLC in 1/32 (3%)

I

B8 positive:

SCLC in 3/14 (21%)

B8 negative:

SCLC in 20/29 (69%)

B8 positive:

SCLC in 0/24 (0%)

B8 negative:
SCLC in 1/8 (13%)

AN

ORO0.16

(95%CI 0.04-0.62)

p=0.003

ORO0.16

(95%CI 0.00-4.35)

n.s.

Figure 4. Risks of SCLC by smoking bebavionr and presence of HI .A-BS.

*For two patients, no information about smoking behavionr was available.
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Prediction of SCLC in LEMS patients

As expected, smoking conferred a significantly increased risk of SCLC in our LEMS
series (Fig. 4); 23 of the 43 smokers developed SCLC versus only 1 of the 32 non-
smokers (OR 18.3; p=2.5x10). On the other hand, among all our 38 LEMS patients
with HLA-BS, SCLC was detected in only 3 (8%; all were smokers) versus 21 of the
37 without -B8 (57%; 20 were smokers) (OR 0.08; p=5.1x10¢). Even among the
LEMS smokers, SCLC was less common in those with HLA-B8 (OR 0.16; p=0.003).
Consistently, the only non-smoking patient with SCLC was HLA-B8-.

Prognosis of SCLC

We determined the ‘diagnostic interval’ — the period between LEMS onset and the
diagnosis of SCLC —in 23 of the 26 SCLC-LEMS patients, the median value being 5
months (range —2 to 213 months). In 74% (17/23) of the patients, the tumour was
diagnosed within two years of the first symptoms of LEMS. We could also determine
the ‘tumour survival’ for 17 of the 26 SCLC-LEMS patients. Their overall median
survival was at least 14 months (range 0-122) after tumour detection versus 10 months
for SCLC patients without LEMS.2 Sutvival after onset of LEMS, i.e. 'diagnostic
interval' and "tumour survival', was significantly longer in the three HLA-B8*+ (median
71 months) than in the 14 HLA-B8 SCLC-LEMS patients (median 24, range 4-194
months; p=0.047).

Discussion

We report a striking contrast in HLA-associated LEMS-susceptibility between patients
with and without SCLC in independent Dutch and UK cohorts. The alleles from the
conserved HLA-DR3-B8 haplotype all showed substantial increases in the NT-LEMS
cases, whereas no significant differences were found between the SCLC-LEMS
patients and controls.

Comparing HLA associations in LEMS

The majority of the NT-LEMS patients expressed the HLA-DR3-B8 haplotype. In
Caucasians, this highly conserved haplotype associates with many immunopathological
diseases.!* Our results from six microsatellites very strongly suggest that they are also
highly conserved in our NT-LEMS patients, their ‘core’ being inherited ez bloc. Despite
rigorous correction, the HLA-BS8 association in NT-LEMS is very strong and is very
reminiscent of that in early-onset MG,2 where other autoimmune disorders ate again
common. As in LEMS, this haplotype is not increased or even slightly decreased in
MG with tumour (thymoma).!” A recent study stressed the relationship between HLA-
B8 and thymic hyperplasia but not thymoma in MG.!7 This analogy suggests that
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thymoma and SCLC play similar roles in pathogenesis, autosensitizing by expressing
relevant antigens in a ‘dangerous’ autoimmunogenic environment.

In both MG and LEMS, paraneoplastic and idiopathic subgroups are clinically and
serologically indistinguishable: autoantibody profiles can be almost identical in MG
patients with and without thymoma. Therefore, the autoimmunity-prone conserved
HILA-DR3-B8 haplotype appears to be a decisive factor in responsiveness in patients
without tumout, possibly affecting eatly stages in cellular activation and/or the
cytokine balance.!* An increased spontaneous release of TNF-o is very characteristic
of Caucasians with the HLA-DR3-B8-A1 haplotype,® and was also noted in first-
degree relatives of our patients with NT-LEMS, although it was not confined to those
with HLA-DR3-B8.24

Interestingly, our present study could not confirm the weak positive association with
HILA-BS8 that we noted previously in 14 patients with tumours.!! This partly reflects
our strict exclusion now of cases with tumouts other than SCLC; if these were
coincidental, they would belong to the NT-LEMS group.

A role for HLA alleles in immunosurveillance

The low prevalence of HLA-DR3-B8 haplotype in SCLC-LEMS is intriguing. We
previously demonstrated that SCLC patients with LEMS have an improved survival
after detection of the tumour,? though they mostly die eventually from tumour
complications. This accords with the concept of ‘cancer immunoediting’, whereby an
immune attack on tumour cells initially controls their growth, but often also selects for
less sensitive escape variants.> In several of our patients more than 20 months elapsed
before tumours were detected, conceivably because the immune response can control
the tumour in an early stage by reacting against its VGCC (and other antigens)
expressed by the SCLC in this ‘dangerous’ immune-stimulating environment. The
presence of the conserved haplotype containing HILA-B8 and linked MHC loct in our
SCLC-LEMS patients evidently resulted in an additional survival advantage.
Conversely, it cannot be excluded that some HLA-B8* smokers included in the NT-
LEMS group already have eradicated a developing SCLC before their LEMS
presented. As predicted before,? such immunity is inevitably hard to substantiate.

Our evidence also supports previous deductions that autoimmunization must begin
when the tumours are still very small,>?5 and that their 'dangerous' microenvironment
must provide powerful stimuli that can overcome the usual HLA restrictions. Indeed,
tumour macrophage infiltration was greater in SCLC-LEMS than in patients with
SCLC alone.?® In time, SCLC may escape immune recognition or elimination, for

example by deficiencies in HLA expression.?
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Independent evidence implicates HLA alleles in SCLC — notably an increase in HLA-
B44.27 We noted a similar, but non-significant trend in our UK patients (data not
shown). There is an intriguing parallel in the CD8* T cell response to Epstein-Barr
virus antigen EBNA-3A.28 Healthy subjects with HLA-B8 nearly all respond to one
particular epitope, their T cells using T cell receptors with highly restricted o and 3
sequences that happen to cross-recognize HLA-B4402 (without EBNA-3). Moreover,
these T cells are undetectable (deleted) if the donor also has B4402, and any
responding cells now use different T cell receptors. One could speculate that, also in
patients with SCLC and LEMS, protective responses to SCLC can be restricted to
HILA-B8 and prevented by coincident B4402.

The beneficial effects of immunosurveillance were evidently not confined to HLA-
B8* cases. One of the B8 negative patients who has survived >10 years achieved a
complete clinical remission of LEMS after chemotherapy. We previously reported a
second patient with a tumour-free survival of >7 years without symptoms of LEMS
or drug treatment,!0 and a third who became seronegative for anti-VGCC antibodies
after chemotherapy.” Thus, not only can these tumours be completely eliminated in
the absence of the HLA-DR3-B8 haplotype: the resulting decline in the anti-VGCC
antibodies and clinical remission of LEMS without further immunosuppressive
therapy strongly suggests that the immunogenicity of the tumour cells is the
overriding factor in SCLC-associated autoimmunity.

Early detection of SCLC in LEMS patients

In 50-60% of LEMS patients, SCLC is detected within two years of diagnosis of
LEMS, but this interval can sometimes be much longer, up to almost 6 years.S A
significant clinical concern is how frequently to monitor for tumours when following
new LEMS cases who smoke. It is accepted that patients with SCLC-associated and
idiopathic LEMS do not show any clearly distinguishing clinical or serological
differences.®? Smoking- or tumour-associated traits such as a higher onset-age, a male
bias, more weight loss at the time of diagnosis, and a higher ESR, either appear late in
the course of disease or lack specificity, and cannot therefore be used as early
predictors of an occult SCLC. Interestingly, the absence of HLA-B8 proved to be
highly predictive of SCLC even in LEMS patients who smoked. By combining the
presence of HLA-B8 with a non-smoking habit, we could correctly predict the
absence of an undetlying SCLC (Fig. 4). These eatly pointers at the time of diagnosis
of LEMS could be valuable in saving patients unnecessary investigations and stress.
Conclusion

We hypothesize that two different aetio-pathologies can lead to LEMS. In ~50% of

cases, provocation is mysterious but the autoimmunity-prone HLA-B8 haplotype is
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clearly one important contributor. In the others, LEMS is provoked by ‘dangerous’
exposure of VGCC by SCLC cells, leading to temporary loss of tolerance and
symptoms that remit if the tumour is eradicated. Here, HLA-DR3-B8 or linked alleles
can act like a two-edged sword by favouring autoimmune reactions while also
enhancing immune surveillance against the SCLC and improving survival; their
absence should also help clinicians to anticipate an underlying SCLC.

Acknowledgements

The Prinses Beatrix Fonds, the Sir Jules Thorn Charitable Trust and the Medical
Research Council supported this study. Part of the HLA results were presented at the
Xth International Conference on Myasthenia Gravis and related disorders, Key
Biscayne, Florida, 2002. We thank John Newsom Davis for providing clinical data and
for many valuable suggestions. We thank the following neurologists for referring
patients to us for participation in this study: D. Boerman, P.A. van Doorn, B.G.M.
van Engelen, P.M.M. van Erven, J].P.M. Hillegers, R.Q. Hintzen, H. Kerkhoff, A.J.
van der Kooi, P. de Kort, ].B.M. Kuks, D.S.M. Molenaar, P.A.E. Sillevis Smitt, A.
Twijnstra, M. de Visser, L.H. Visser, O.].M. Vogels, J].H. Wokke, and Sister E
Goodger for sampling patients.

111



Chapter 10

References

1.

10.

11.

12.

13.

112

Paesmans, M, Sculier, JP, Lecomte, ], Thiriaux, J, Libert, P, Sergysels, R, Bureau, G,
Dabouis, G, Van Cutsem, O, Mommen, P, Ninane, V, Klastersky, ]. Prognostic factors
for patients with small cell lung carcinoma: analysis of a series of 763 patients included in
4 consecutive prospective trials with a minimum follow-up of 5 years. Cancer
2000;89:523-533.

Maddison, P, Newsom-Davis, J, Mills, KR, Souhami, RL. Favourable prognosis in
Lambert-Faton myasthenic syndrome and small- cell lung carcinoma. Lancet
1999;353:117-118.

Zaheer, W, Friedland, ML, Cooper, EB, DoRosario, A, Burd, RM, Gagliardi, ],
Torstenson, G. Spontaneous regression of small cell carcinoma of lung associated with
severe neuropathy. Cancer Invest 1993;11:306-309.

Graus, F, Dalmau, ], Rene, R, Tora, M, Malats, N, Verschuuren, JJ, Cardenal, F, Vinolas,
N, Garcia del Muro, J, Vadell, C, Mason, WP, Rosell, R, Posner, |B, Real, FX. Anti-Hu
antibodies in patients with small-cell lung cancer: association with complete response to
therapy and improved survival. ] Clin Oncol 1997;15:2866-2872.

Dunn, GP, Bruce, AT, Tkeda, H, Old, L], Schreiber, RD. Cancer immunoediting: from
immunosurveillance to tumour escape. Nat Immunol 2002;3:991-998.

O'Neill, JH, Murray, NM, Newsom-Davis, J. The Lambert-Eaton myasthenic syndrome.
A review of 50 cases. Brain 1988:111:577-596.

Elrington, GM, Murray, NM, Spiro, SG, Newsom-Davis, J. Neurological paraneoplastic
syndromes in patients with small cell lung cancer. A prospective survey of 150 patients. |
Neurol Neurosurg Psychiatry 1991;54:764-767.

Roberts, A, Perera, S, Lang, B, Vincent, A, Newsom-Davis, J. Paraneoplastic myasthenic
syndrome IgG inhibits 45Ca2+ flux in a human small cell carcinoma line. Nature
1985;317:737-739.

Motomura, M, Lang, B, Johnston, I, Palace, ], Vincent, A, Newsom-Davis, J. Incidence of
setum anti-P/O-type and anti-N-type calcium channel autoantbodies in the Lambert-
Eaton myasthenic syndrome. ] Neurol Sci 1997;147:35-42.

Chalk, CH, Murray, NM, Newsom-Davis, J, O'Neill, JH, Spiro, SG. Response of the
Lambert-Eaton myasthenic syndrome to treatment of associated small-cell lung
carcinoma. Neurology 1990;40:1552-1556.

Willcox, N, Demaine, AG, Newsom-Davis, J, Welsh, KI, Robb, SA., Spiro, SG. Increased
frequency of IgG heavy chain marker Glm(2) and of HLA-B8 in Lambert-Eaton
myasthenic syndrome with and without associated lung carcinoma. Hum Immunol
1985;14:29-36.

Parsons, KT, Kwok, WW, Gaur, LK, Nepom, GT. Increased frequency of HLA class II
alleles DRB1*¥0301 and DQB1*0201 in Lambert-Eaton myasthenic syndrome without
associated cancer. Hum Immunol 2000;61:828-833.

Wirtz, PW, Roep, BO, Schreuder, GM, Van Doorn, PA, van Engelen, BG, Kuks, |B,
Twijnstra, A, de Visser, M, Visser, LH, Wokke, JH, Wintzen, AR, Verschuuren, JJ. HLA



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

HIA and smoking

class I and II in Lambert-Faton myasthenic syndrome without associated tumor. Hum
Immunol 2001;62:809-813.

Price, P, Witt, C, Allcock, R, Sayer, D, Gatrlepp, M, Kok, CC, French, M, Mallal, S,
Christiansen, F. The genetic basis for the association of the 8.1 ancestral haplotype (A1,
B8, DR3) with multiple immunopathological diseases. Immunol Rev 1999;167:257-274.
Zanelli, E, Jones, G, Pascual, M, Eerligh, P, van der Slik, AR, Zwinderman, AH, Verduyn,
W, Schreuder, GM, Roovers, E, Breedveld, FC, de Vries, RR, Martin, J, Giphart, MJ. The
telomeric part of the HLA region predisposes to rheumatoid arthritis independently of the
class II loci. Hum Immunol 2001;62:75-84.

Uchuya, M, Fleury, A, Graus, I, Costagliola, D, Liblau, R, Metle-Beral, H, Theodorou, I,
Delattre, JY.. Lack of association between human leukocyte antigens and the anti-Hu
syndrome in patients with small-cell lung cancer. Neurology 1998;50:565-566.

Machens, A, Loliger, C, Pichlmeier, U, Emskotter, T, Busch, C, Izbicki, JR. Correlation of
thymic pathology with HLA in myasthenia gravis. Clin Immunol 1999;91:296-301.
Schippet, RF, Schreuder, GM, D'Amaro, J, Oudshoorn, M.. HLA gene and haplotype
frequencies in Dutch blood donors. Tissue Antigens 1996;48:562-574.

Haworth, S, Sinnott, P, Davidson, J, Dyer, P. Caucasian English Normal. In: Terasaki, PI
and Gijertson, DW (Eds.), HLA 1997, UCLA Tissue Typing Laboratory, Los Angeles,
1997; p. 208.

Haworth, S, Davidson, ], Kippax, R, Dyer, P. Caucasian English Normal. In: Terasaki, PI
and Gjertson, DW (Eds.), HLA 1998, American Society for Histocompatibility and
Immunogenetics, Lenexa, 1998; p. 133.

Frenken, F. Mannen roken minder, vrouwen niet. Statistics Nethetlands,
Vootbutg/Heetlen, the Nethetlands, 2003. Electronic Citation.

Janer, M, Cowland, A, Picard, J, Campbell, D, Pontarotti, P, Newsom-Davis, J, Bunce, M,
Welsh, K, Demaine, A, Wilson, AG, Willcox, N. A susceptibility region for myasthenia
gravis extending into the HLA- class I sector telomeric to HLA-C. Hum. Immunol.
1999;60:909-917.

Lio, D, Candore, G, Colombo, A, Colonna, RG, Gervasi, F, Marino, V, Scola, L, Caruso,
C. 2001. A genetically determined high setting of TNF-alpha influences immunologic
parameters of HLA-B8,DR3 positive subjects: implications for autoimmunity. Hum.
Immunol. 2001;62:705-713.

Wirtz, PW, Huizinga, TW], Stoeken, D-J, Wintzen, AR, Verschuuren, JJ.. High innate
production of interleukin-10 and tumor necrosis factor-alfa contributes to susceptibility
for non-paraneoplastic Lambert-Eaton myasthenic syndrome. ] Neuroimmunol
2003;140:194-197.

Darnell, RB, Posner, JB. 2003. Observing the invisible: successful tumor immunity in
humans. Nat Immunol 2003;4:201.

Mortis, CS, Esiti, MM, Marx, A, Newsom-Davis, J. 1992. Immunocytochemical
characteristics of small cell lung carcinoma associated with the Lambert-Eaton myasthenic
syndrome. Am | Pathol 1992;140:839-845.

113



Chapter 10

27.

28.

29.

114

Markman, M, Braine, HG, Abeloff, MD. Histocompatibility antigens in small cell
carcinoma of the lung. Cancer 1984;54:2943-2945.

Burrows, SR, Silins, SL, Moss, DJ, Khanna, R, Misko, IS, Argaet, VP. T cell receptor
repertoire for a viral epitope in humans is diversified by tolerance to a background major
histocompatibility complex antigen. ] Exp Med 1995;182:1703-1715.

Lennon, VA., Kryzer, TJ], Griesmann, GE, O'Suilleabhain, PE, Windebank, A],
Woppmann, A, Miljanich, GP, Lambert, E.H. Calcium-channel antibodies in the Lambert-
Eaton syndrome and other paraneoplastic syndromes. N Engl | Med 1995;332:1467-1474.



